aa 


Gold-bonded 
Parametric Amplifier 


Diode 


Augist’959 75¢ 


+12 volts 


{100 ohms 
1EGaG TW 
| OSCILLOSCOPE 


MERCURY WETTED- 
CONTACT RELAY 
PULSE GENERATOR 


nl: 


Z out = 50 ohms 


1,=10 ma 
TEMPERATURE =25°C —l2 volts 


TYPICAL NON-SATURATED LOGIC SWITCHING CIRCUIT 


+ 1.5 volts 
INPUT 


" —1.5 volts -1.5 volts 
i 36 mysec 
V, 


c 
+2 volts 


10% 


OUTPUT 


90% 


+ Il volt 
| Meld uo TYPICAL SWITCHING TIME 
tq, = 8 mysec tygo= 7 mpsec 
let, +| ge at ye 42 J 
i ; 


t, = 5 mpsec ty = 5 mpsec 
tp=ty tt, +taatt, = 25 mpsec 


TOTAL SWITCHING TIME NON-SATURATED CIRCUIT 


+9 voits 


OUTPUT t 
Ao 


Temperature: 25°C 
Collector Current : 10 ma 


W=120 mpsec 

S = 200 mpsec 

A,= 3 to 6 volts min 

Gen:Double pulse generator 
Z out = 50 ohms 
Terminated with 50 ohms 

Ag 6 to 8 volts 

200 pyf 
se INPUT 


TYPICAL CIRCUITRY FOR OBTAINING 5-MC REP RATE 
IN SATURATED FLIP-FLOP 


© OUTPUT 2 
O-45v 


—l.3v 


O+45v +130 
INPUT 2 Adie 


Tee Temperature : 25°C 
Input Pulse Spacing: 40 mypsec 


pen Ae 
+13v 
160 ohms 
OOUTPUT! —1,3¥ 


TYPICAL CIRCUITRY FOR OBTAINING 25-MC REP RATE 
IN NON-SATURATED FLIP-FLOP 


TO-18 PACKAGED 
DIFFUSED-BASE “MES 
TRANSISTORS 


| Now available for your evaluat} 
actual sue! the subminiature 2N702 is bj 
specifically for your 5-20 ma transistor 1} 
switching applications. | 
This newest addition to TI’s line of diffu 
base ‘mesa’ transistors features... | 


Guaranteed dc beta of 15 to 45 | 
50 mc minimum unity beta frequenc* 
Maximum 12 yf output capacitance 


Subminiature T0-18 package 


As do all other TI semiconductors, the 2N 
carries a full-year guarantee to publis 
specifications. Check the specs at right 
contact your nearest authorized TI dis 
utor or your TI sales office for deta 
information. 


aLEXA 


a yolk oe 
we| 1 NS a | 


FROM THE WORLD’S LARGEST SEMICONDUCTOR j 


Circle No. 1 on Reader Service Card 


a 
ad Y dam mf Ul An 
fie | 


. MN 
aus || 


ibsolute maximum ratings (25°C) 


i 


Collector Voltage Referred to Base . 
Collector Voltage Referred to Emitter . 
Emitter Voltage Referred to Base 
Collector Current . 


Dissipation (100°C Free Air Derate 0. 5°C/mw) 


j@sign characteristics at 25°C (except as indicated) 


aan aa eae 


| 


ft 
Vers (Gab) 


Characteristic 

Collector Cutoff Current 
@ 150°C 

Breakdown Voltage 
Breakdown Voltage 
DC Beta 
Breakdown Voltage 
Input Voltage 
Output Capacitance 


Frequency at which 
h¢e is unity 
Saturation Voltage 


* Tested using pulse measurement. 


Test Conditions 
Vep= 10 v, l¢= 0 
Vegp= l0v, te=0 
lcgo= 10 pa, lc= 0 
lceo= 10 ua, lp= 


Vop=5V, le= 10 ma 


lc = 10 ma, Ip = 2 ma 


50 


5Smusec 


SWITCHERS FROM TI 


Actual photo of collector wave form as 
shown on traveling-wave oscilloscope 


20 v 
15v 
5V 
50 ma 
150 mw 
Max Unit 
0.5 a 
50 pa 
Vv 
Vv 
45 
Vv 
i 2 Vv 
12 pf 
mc 
0.6 Vv 


NOTE: These units meet JEDEC outline TO-18 dimensions. A drawing of this package is attached. 


is, INSTRUMENTS 


INCORPORATED 


® SEMICONDUCTOR —- COMPONENTS DIVISION 


13500 N. CENTRAL EXPRESSWAY 


POST OFFICE BOX 312 + 


DALLAS, TEXAS 
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Write on your company letterhead 
describing your application for 
specific details on TI products. 


1 


bonded 


are the standard of reliability 


ee \\ 


Temperature — Humidity every Raytheon each of the three mutually perpendicular axes. 
Bonded Silicon Diode receives three cycles of 15 min- Life 2000 hours as rectifiers with both maximum» 
utes at —65°C and 15 minutes at +150°C; also four reverse voltage and rectified current. 
cycles totaling 32 hours at 95% relative humidity Stability excellent throughout operating or shelil 
from 70°C to 25°C. life. 

Vibration per MIL-E-ID, par. 4.9.19.1. Raytheon Bonded Silicon Diodes are also available 


Shock 500G, one millisecond duration through in precisely balanced matched pairs and quads. 


Irev aa i Trev Irev 
max. uA at i max. max. yA at 
specified voltage at —10v specified voltage 
vous [are | iso [ae | sre 
: 2.0} 65 18 1N303B : 65 20 
1N433 
IN433A 
1N433B 
1N434 
1N434A 
1N434B 
1N302 
1N302A 
1N302B 
CK863 
CK863A 
CK863B 


2929909900090 
WWNHNNRPRPRPHERPBE 


9° 
w 


Ratings at 25°C unless otherwise indicated 


265" RECOVERY CHARACTERISTICS 
| max. e JAN — 256 RECOVERY TEST l] | ] il : 
155" SE 2K LOAD RESISTANCE ty | 
max. re) 10 vufd LOAD CAPACITANCE ‘é Pon ascaile | 
Seer fF re) 5 MA FORWARD CURRENT —|]——3 tae Fats ® 
¥ , ~ 40 Volts REVERSE VOLTAGE | || | 
= 1] 
Bee. = th Percentile SEMICONDUCTOR DIVISION } 
Fane a SILICON AND GERMANIUM DIODES AND TRANSISTORS | 
ae E SILICON RECTIFIERS « CIRCUIT-PAKS | 
eau ow! York, nsptaza 9-3900 + Boston, Hillcrest oe 
cal ae eal 2 rcentile ches go, Ational 5-4000 « Los Angeles, NOrmandy 5-4221), 
5 PLL altimore, SOuthfield 1-1237 « Cleveland, Winton 1-771 6 
3 10K ER oh OR 1 MEG. Kansas City, Plaza 3-5330 + Orlando, GArden 3-1553} 
> E IMPEDANCE IN OHMS San Francisco, Flreside 1-77 141 


| | 


| 
Government Relations: Washington, D.C., MEtropolitan 8-5205 I 
Circle No. 4 on Reader Service Card | 
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Hughes Semiconductor Division diode for use in parametric 
amplifiers and microwave applications such as switching and 
harmonic generation. Production models HPA-2800 and HPA- 
2810 have a nominal cutoff frequency of 70,000 me at maximum 
back bias with a nominal zero-bias capacitance of 2.5 micro- 
microfarads. 


SEMICONDUCTOR PRODUCTS is published monthly by Cowan Publishing Corp. Executive and Editorial 
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News from 
FRraytheon’s 
Semiconductor 
Division... 


AUTOMATIC TESTING— 


The operator is testing Raytheon 
semiconductor products at one 
of the new automatic test sets. 
This equipment, designed by 
Raytheon engineers, checks and 
classifies transistors according 
to the several hundred possible 
combinations of test parameters 
—including emitter and collector 
current cutoff, frequency cutoff, 
a-c beta, d-c beta, breakdown 
voltages, input voltage, collector 
capacitance, extrinsic base re- 
sistance and gain. 


POSITIONS FOR MEN WHO ARE GROWING 
FASTER THAN THEIR ASSOCIATES 


If you have applicable experience in any of the following areas and want to 
learn more about Raytheon’s semiconductor opportunities, please use the 
attached coupon. 


Device Design and Development 
Process Engineering 
Mechanization 
| Circuit Design 


Application Engineering 


The place for the man 
who /s growing faster... 


° 
e 
i : Mail to: Gentlemen: as 
Semiconductor a Mr. Joseph McGovern | would like further information about Raytheon’s xh 
nian 5 Semiconductor Division Semiconductor Division. a 
Division of ° Raytheon Company Fi 
150 California Street NAME 
Newton 58, Massachusetts 
2 STREET 
e 
: CITY ZONE STATE 
i DEGREE(S)___-— = __ YRS. EXPERIENCE 
e 


PHONE NUMBER 


E 


Excellence in Electronics 


Oe OO eg, CPS .e F808 © 810; © exe 0.6) 000.010 foene) 6 efererece (eters aieveletenetetene 
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Editorial .. . 


Esaki or ‘“‘Tunnel’’ Diodes 


With the disclosure of an article in the Physical Re- 
view, Vol. 109, P603, 1958 entitled “New Phenomena 
in Narrow Germanium p-n Junctions” by L. Esaki, 
new properties of p-n junctions were uncovered. The 
Esaki or “tunnel” diode, a name that has been applied 


‘by virtue of the tunneling action of carriers that 


occurs within the junction of the device, is currently 
being investigated by many companies to determine 
its present and future application potential. 

The tunnel diode undoubtedly represents the most 
important recent development in the semiconductor 
devices field. It is obtained with degenerate doping 
(concentrations of the order of 10'"/cc) of the p and 
nm regions. The Fermi levels in thermodynamic 
equilibrium occur respectively inside the valence and 
inside the conduction band and the I — V characteris- 
tic presents a region with negative slope in the ranges 
—~ 0.05 to ~ 0.2 Volt and ~ 0.3 to ~ 0 mA. Asa result 
the diode may be used as a short circuit stable device, 
for purposes of switching, amplification or oscillation. 
The diode may operate at temperature well beyond 
that of ordinary p-n junction diodes (for example be- 
yond 100° C in the case of germanium) and possess 
switching times of the order of fractions of micro- 
seconds. Similarly they may be used to amplify sig- 
nals of frequencies up to 1000 mec and higher, with 
low noise figure (values of ~ 4 db were indicated at 
30 mc). Germanium, indium-antimonide, gallium 
arsenide, silicon may be used for its construction. 

In a recent article in the Proceedings of the IRE, 
July 1959, by H. S. Sommers, Jr., the theoretical 
highest frequency of oscillation of the diode was 
shown to be: 


nee (hy 7;) 4? 
a 2 a RC 


where R is the negative resistance of the diode, C is 


the junction transition capacitance, r; is the dissipa- 
_ tion resistance of the diode. 


The author further reports that oscillations of 1.4 
kmc have been observed utilizing this device and 
harmonics greater than 4 kmc have been generated. 
Besides its capability of oscillating in the kilomega- 
cycle region, other applications of the device have 
been suggested such as a self-excited converter, and 
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a negative-resistance amplifier with a good noise 
figure. 

Reporting on the amplifier application, K.K.W. 
Chang reveals data on measurements made in this 
mode of operation in the same issue of the Proceed- 
ings. Amplifier circuits have been built at operating 
frequencies of 30, 66, and 80 megacycles. Data re- 
ported indicates power gains of 40 decibels, at a 
bandwidth of 0.19 megacycles and a resultant noise 
figure of 6.3 decibels. 

The advent of the Esaki diode adds another mem- 
ber of semiconductor devices capable of operating in 
the microwave region. It will be interesting to view 
future strides made in the development and applica- 
tion of the “Tunnel” diode. 


The 1959 Solid State Devices Research Conference 


Principal topics discussed at the recent Solid State 
Devices Research Conference were tunnel diodes, 
p-n-p-n devices, parametric amplifiers, luminescent, 
thermoelectric and cryogenic devices. 

Interesting theoretical, and practical developments 
were indicated in the field of p-n-p-n devices. In par- 
ticular the construction of devices with low on-off as 
well as off-on switching times, of a stepping transistor 
(obtained applying a difference of potential across 
one of the base regions) and of diodes with short- 
circuited emitter and base I terminals were discussed. 

In the field of parametric amplifiers papers of 
applied nature were presented. In particular, the 
rigorous solution of the potential distribution in a 
graded p-n junction, the theory of parametric ampli- 
fication in periodically loaded transmission lines, and 
the theory of noise generation in the depletion layer 
of variable capacitance diodes due to statistical fluc- 
tuations of the ionization levels, were given. In 
addition, the construction of the very high fre- 
quency silicon diodes (cutoff frequency of the order 
of 300 kmc) with limited spread of capacitance values 
and the construction of travelling wave parametric 
amplifiers were discussed. 

Space does not permit reporting on the many other 
interesting papers which contributed to making the 
1959 Solid State Devices Research Conference a very 
worthwhile meeting. 


Samuel L. Marshall 


Witt a 


New production facilities for manufacturing silicon and thermo 
electric materials at the Merck Cherokee Plant in Danville, Pa 


*MERCK DOPED SINGLE CRYSTAL SILICON—offers doped float zone refined singld 
crystals of high quality at low costs. Yields of usable material are reporte ; 
to be especially high when device diffusion techniques are used with these 
crystals. Float zone single crystals doped either ‘‘p” or ‘“‘n” type with 
resistivities from 0.1 to 300 ohm em. any range plus or minus 25% withi 
high lifetimes, available in diameters of 19 to 21 mm., and random lengths: 
of 2 to 10 inches. 


NOTE: Doped single crystals float zone refined in other diameters, resistivities, or life~ 
times not listed above can be furnished as specials. 


MERCK HIGH RESISTIVITY ‘“‘P” TYPE SINGLE CRYSTAL SILICON—offers float zone 
refined single crystals of a quality unobtainable by other methods. Avail- 
able with minimum resistivity of 1000 ohm em. “p” type and a minimum: 


lifetime of 200 microseconds, diameter 18 to 20 mm., random lengths: 
2 to 10 inches. 


MERCK POLYCRYSTALLINE BILLETS—have not previously been melted in quartz, 
so that no contamination from this source is possible. Merck guarantees: 
that single crystals drawn from these billets will yield resistivities over: 
50 ohm em. for ‘‘n’” type material and over 100 ohm cm. for ‘‘p”’ type ma-- 
terial. Merck silicon billets give clean melts with no dross or oxides. 


MERCK POLYCRYSTALLINE RODS—are ready for zone melting as received . .., 
are ideal for users with float zone melting equipment. Merck polycrystal-. 
line rods are available in lengths of 814 to 101% inches and in diameters of ' 
18 to 20 mm. Smaller diameters can be furnished on special order. In float . 
zone refining one can obtain from this material single crystals with a mini- : 
mum resistivity of 1000 ohm em. “p” type with minimum lifetime of 200 


microseconds or the material can be doped by user to his specifications, 


*NOTE: Extended resistivity range. © Merck & Co., Inc. 


_ For additional information on spect fic 
rete eas ae oa write Merck & Co., I Nes; 
ectronic Chemicals Division, Department 
BASE BORON CONTENT SP-89, Rahway, New Jersey. 
BELOW ONE ATOM OF BORON PER 


SIX BILLION SILICON ATOMS 


Electronic Chemicals Division 
MERCK &CO. Inc. . RAHWAY, N, J. 
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TYPE S418 QSCAROST ORE 
e+e ees 


TYPE R TRANSISTOR-RISETIME PLUG-IN UNIT BR 
CHARACTERISTICS 


Collector Supply 1 to 15 v continuously adjustable, positive 
or negative. Current capability—400 ma. 

Mercury-Switch Pulse Generator Risetime less than 5 
mptsec, amplitude 0.02 v to 10 v across 50 ohms, positive 
or negative. Overall risetime with Type 541A: 12 musec. 
Overall risetimes with other Tektronix Oscilloscopes— 
Types 543, 545A, 555: 12 musec—Type 551: 14 mpusec— 
Types 531A, 533, 535A: 23 musec. 

Bias Supply +0.5 to —0.5 v and +5 vto —5 v, continu- 
ously variable. 

Calibrated Vertical Deflection 0.5, 1, 2, 5, 10, 20, 50, 
and 100 ma/cm collector current. 

Type R Transistor-Risetime Unit. . 


_ STORAGE Tame 


The Type R 

Unit can trigger the 
Oscilloscope sweep 
either on the start of 
the test pulse only, 
or on both the start 
and finish to display 
delay, rise, storage, 
and fall times 
simultaneously. 


TYPE 541A CHARACTERISTICS 
Vertical Response DC-to-30 MC passband, 


12- 
mpusec risetime, 50-mv/cm deflection factor with 
Type K Plug-In Preamplifier. 


Signal-Delay Permits observation of leading edge of 
signal that triggers the sweep. 

Versatility—Other Plug-In Preamplifiers available for 
many specialized applications. 

Sweep Range 0.1 jisec/cm to 5 sec/cm in 24 direct- 
reading steps. 5-x magnifier increases calibrated 
range to 0.02 pisec/cm. Continuously adjustable 
from 0.02 jisec/cm to 12 sec/cm. 

Triggering Fully automatic, or amplitude-level selec- 
tion with preset or manual stability control. 

Accelerating Potential 10 ky for bright display with 
fast sweeps and low repetition rates. 

Amplitude Calibrator 0.2 mv to 100 v in 18 steps. 
Square wave, frequency approximately 1 kc. 
Regulation Electronically-regulated power supply. 
Type 541A, without plug-in units..........$1200 
Type K Plug-In Preamplifier... .. a ti Plo 


Prices f.0.b. factory. 


The Type R Transistor-Risetime Unit, when 
plugged into a Tektronix Oscilloscope, supplies 
a fast-rising pulse and the required supply and 
bias voltages for measurement of transistor rise, 
fall, delay, and storage times. The Type R Unit 
can be used with all Tektronix Type 530 Series, 
Type 540 Series, and Type 550 Series Oscillo- 
scopes. 

When the Type R Unit is used with the 
Tektronix Type 541A Oscilloscope, risetime of 
the combination is 12 musec. The Type 541A is 
a fast-rise general-purpose oscilloscope that 
adapts to many specialized applications through 
its plug-in vertical preamplifier feature. Nine 


plug-in preamplifiers are presently available, 
others will be announced in the near future. 


Please call your Tektronix Field Engineer for 
complete details. If desired, he can arrange a 
demonstration in your own application. 


ENGINEERS — interested in furthering the advance- 
ment of the oscilloscope? We have openings for 
men with creative ability in circuit and instrument 
design, cathode-ray tube design, and semiconductor 
research, Please write Richard Ropiequet, V.P., Eng. 


Tektronix, Inc. 


P.O, Box 831 * Portland 7, Oregon 
Phone CYpress 2-2611 * TWX-PD 311 * Cable: TEKTRONIX 
TEKTRONIX FIELD OFFICES: Albertson, L.1., N.Y. * Albuquerque * Atlanta, Ga. * Bronxville, 
N.Y. * Buffalo * Cleveland * Dallas * Dayton * Elmwood Park, Ill. * Endwell, N.Y. * Houston 
Lathrup Village, Mich. * East Los Angeles * West Los Angeles * Minneapolis * Mission, Kansas 


Newtonville, Mass. * Orlando, Fla. * Palo Alto, Calif. * Philadelphia * Phoenix * San Diego 
St. Petersburg, Fla. * Syracuse * Towson, Md. * Union, N.J. * Washington, D.C. * Willowdale, Ont. 


TEKTRONIX ENGINEERING REPRESENTATIVES: Howthorne Electronics, Portland, Oregon., 
Seattle, Wash.; Hytronic Measurements, Denver, Colo., Salt Lake City, Utah. 


Tektronix is represented in 20 overseas countries by qualified engineering organizations. 


SEE THIS AND OTHER NEW TEKTRONIX INSTRUMENTS AT WESCON, BOOTHS 1801 AND 1802 
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FORWARD 
CONDUCTION 
f REGION 


RECTIFIER 


YOUR SOURCE FOR 
GREATER SELECTIVITY 
IN SILICON 
SEMICONDUCTOR 
DEVICES 


6 
ZENER ZENER 
“DOUBLE | 
ANODE” 
MEDIUM 
VOLTAGE 


| ZENER LOW ZENER 
| VOLTAGE MICRO- ~ 
DIODES MINIATURE ANODE” 
1.77200, GLASS LOW = LOW 
yan He VOLTAGE VOLTAGE 
20 8.07 DIODES DIODES 
e250mw = =—s_ * 200m W 
_@ Zener Voltage.» Zener Voltage 
Range: Range: 
2.0V-—-8.0V 3.0 —8.0V 


“SINGLE 
ANODE” 

_ MEDIUM - 
VOLTAGE 
© 150mW 

« Zener Voltage 


_, Rane 
75V — 


DIODES & 


: ° OTe 
:  cener Voiage: 
DIODES 1N429: 6.2V 

© 150mW 


Pi cy ° cener Voltage 1Na30, IN’GOA, 
Mov ; Range: 1N430B, 1N1836, 


5. 


° 


5V — 45V N15 
8.4V ae 
¢ Dyn, Imp.: 
1N429:20 ohms 


_ Others: 15 ohms 


co M1, M3, P1 


26 
GENERAL PURPOSE 


SILICON DIODES. 

y © 150mW | 
__ * PIV Range: 

6. oY thru ary 


Mi 


11 


SILICON DIFFUSED JUNCTION 
MEDIUM POWER RECTIFIERS 
* PIV Range: 

BOY to 1000 _ 


MIA 


SILICON SOLAR CELLS 
* Typical Power Output Range: 
-O72mW to 34,0mW (at 10, 000 
ft. candles—sunli ght) 
* Spectral Response: Danae: 
4000 to 11,500 angstroms; 
Peak: 8500 angstroms 


__ HB GENERAL PURPOSE ~ 


SILICON DIODES 
© 150mW 
«PIV Range: 
6.8V thru 270V 


M1 


7 


«PIV Range: 
50V to 500 V 


: Case Type M2 


IF YOU NEED A JOB IN ELECTRONICS DONE 
QUICKER AND BFTTER, CONTACT 


Design Parameter Data 

wailable On All Above ‘CORPORATION 

/SEMICONDUCTOR DIVISION 
_ EVANSTON, ILLINOIS 


ZENER 
REFERENCE REFERENCE 
MICRO- 


ELEMENTS MINIATURE 
DIODES 


Zener Voltage: 


SILICON DIFFUSED JUNCTION 
MEDIUM POWER RECTIFIERS 


ZENER 
VOLTAGE 
REGULATORS REGULATOR 
10 WATT 1W 
ita aA 


ZENER 
REFERENCE 


STRINGS 
» Operating 
Zener Voltage: 

- 6.2V thru 
49. 6V 45% 
¢ Dyn. Imp.: 
20 ohms to 
180 ohms 

(over the 
entire line) 


*Zener Voltage » Zener Vo 
Range: 5.6V to Range: 5.6V 
200V £10% 200V +10% 
* Dyn. Imp.: 
1 ohm to 
140 ohms 
(over the 
entire line) 


Operating 


QV to 6.5V 
Dyn. Imp.: 
15 ohms 


E1A,E2A,E3A, E4A 


8 


GLASS GENERAL 


PURPOSE DIODES 
< ¢ 200mW 
«PIV Range: 
= to TV 


Gl 


GI 


© PIV Range: 
— 95V to S70V 


s 


PHOTO-VOLTAIC 


READOUT CELLS 
«Number of readout positions: 
from 4 to 10 
«Spectral Response: Range: 
4000 to 11,500 angstroms; 
Peak: 8500 angstroms 


Western Regional Office 
426 West College St., Los Angeles 2, Cal 
MAdison 6-8063, TWX: ‘LA 188 


_ Middle West Reg’l. & Export Off 
930 Pitner Avenue, Evanston, Whi . 
vay 9-9850, T 


SILICON DIFFUSED JUNCTIO! 
MEDIUM POWER RECTIF 


GRACE 5%i 


low boron 


content... 


Ne) 


For want of a nail the battle was lost’? becomes 
painfully true when translated to lack of purity in 
the semi-conductor material you choose for your 


transistors, diodes or other silicon devices. 


The Pechiney process, used in the manufacture 
of Grace Silicon, is noted for a product with low 


SILICON 


(ultra-high-purity) 


boron content as well as overall high purity. 


May we suggest that whenever top quality 
silicon is desired—silicon combining both high 
purity and uniform quality—you get in touch 
with Grace ELEcTRONIC CHEMICALS, INc., at PLaza 
2-7699, 101 N. Charles Street in Baltimore. 


GRACE ELECTRONIC CHEMICALS, INC. 


Farce 101 N. Charles St., Baltimore, Maryland 
\ Subsidiary of W. R. GRACE & CO. 
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MACHINE 


Kahle automatic final seal machines 
- - . pre-tested under actual operating 
conditions prior to shipment .. . seal 
up to 1500 glass diodes per hour 
without an operator. Loading, unloading 
and pulse forming are all automatic. 
Designed to establish new standards of 
efficiency and economy in your opera- 
tion, this machine is just one example 
of the full line of fine Kahle equipment 
for the production of semiconductors. 


For detailed information, write to: 


KAHLE 


ENGINEERING COMPANY 
GENERAL OFFICES: 

3316 Hudson Avenue, Union City, New Jersey 

LEADING DESIGNERS AND 

BUILDERS OF MACHINERY FOR 

THE ELECTRONIC INDUSTRY 


GENERAL INSTRUMENT SEMICONDUCTOR DIVISION 


Auten MINIATURIZED 
silicon power rectifiers 


TO FIT YOUR SPACE REQUIREMENTS 


MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 


MAXIMUM MAXIMUM 
MAX. AVG. MINIMUM REVERSE VOLTAGE 


RECTIFIED SATURA- | CURRENT 5d yee 
CURRENT (mA)* TION @Piv(uAy |& ma 
VOLTAGE . le 
@ 100° C, 


(VOLTS) 


We've shrunk the size, but not 
the quality. All the outstanding 
characteristics and reliability 
you expect of products from 
General Instrument Corporation 
are present in these miniaturized 
units. Data sheets on these and 
other Automatic silicon rectifiers 
are available upon request. 


* Resistive or inductive load 


Semiconductor Division 
GENERAL INSTRUMENT CORPORATION 
65 Gouverneur Street, Newark 4, N. J. 


GENERAL INSTRUMENT CORPORATION INCLUDES F.W. SICKLES DIVISION 
AUTOMATIC MANUFACTURING DIVISION. RADIO RECEPTOR COMPANY, INC. 
D ELECTRONICS MANUFACTURING CORPORATION (SUBSIDIARIES) 


AND MICAMOL 


GENERAL INSTRUMENT DISTRIBUTORS: Baltimore: D & H Distributing Co. + Chicago: Merquip Co. « Cleveland: Pioneer Electronic Supply + Los Angeles: Valley 
Electronics Supply Co.. Burbank « Milwaukee: Radio Parts Co,, Inc, « New York City: Hudson Radio & Television Corp., Sun Radio & Electronic Co. « Philadelphia: 
Herbach & Rademan, Inc, « San Diego: Shanks & Wright Inc, « San Francisco: Pacific Wholesale Co. + Seattle: Seattle Radio Supply * Tulsa: Oil Capitol Electronics 
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Electronics progress through 
chemistry and metallurgy 


New look in Crystals... 


Sylvania develops a new optical instrument for easy, accurate 
alignment of single-crystal germanium and silicon 


Semiconductor manufacturers and 
research laboratories can now orient 
monocrystalline germanium and sili- 
con quickly and easily without the 
use of X ray, microscope or. other 
methods requiring skilled operators 
or extensive processing. 


Sylvania has developed a versatile 
new Crystal Orientation Instrument 
that is especially adaptable to the 
preparation of germanium and silicon 
single-crystal slabs for dicing, to seed 
crystal preparation, and many 
other uses. The device reveals the 
symmetry and orientation ofacrystal 


¥SYLVANIA 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


through the light pattern it reflects 
from the facets in the etched surface 
of the crystal. 

Here are some of the advantages 
of the Sylvania Crystal Orientation 
Instrument: 


SPEED—Cutting, preparation, etching and 
evaluation of a crystal in as little as 15 
minutes. 


SIMPLICITY— Clean design allows easy opera- 
tion by unskilled personnel. 


ACCURACY—+to + 12 minutes of arc. 


ECONOMY—Lower initial and operational 
costs than X ray and other techniques. 


SAFETY— Non-hazardous operation—no 
radiation risk. 


c=. | 
ae 
SYSTEM 
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VERSATILITY—Can be used on any mono- 
crystalline. material in which etch pits 
can be produced. 


FLEXIBILITY—Top mount can be rotated-or 
removed. It can be set up on duplicate 
base units in other locations. 


The Sylvania Crystal Orientation 
Instrument is available as a complete 
assembly or in individual parts. For 
complete particulars on this newest 
aid to the semiconductor industry 
from the Chemical & Metallurgical 
Division, contact your Sylvania rep- 
resentative or write the division 
directly in Towanda, Pa. 


Sylvania Electric Products Ine. 


Chemical & Metallurgical Div. 


Towanda, Penna. 


1959 
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PERFORMANCE AND RELIABI 
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SOLID FANTALUM CAPACITORS 
HIGH POWER RECTIFIERS 
HIGH VOLTAGE RECTIFIERS 
MEDIUM POWER RECTIFIERS 
LOW POWER RECTIFIERS 
COMMERCIAL RECTIFIERS 
HIGH POWER ZENER DIODES 
MEDIUM POWER ZENER DIODES 
LOW POWER ZENER DIODES 
DOUBLE ANODE ZENER DIODES 
VOLTAGE REGULATING DIODES 
INFRARED PRISMS 
INFRARED LENSES 
INFRARED CORRECTING PLATES 
INFRARED RETICLES 
PHOTOCELL WINDOWS 
INFRARED TUBES 


| 


Cost vs Quality? U. S. Semcor’s diffused junction techniques, exacting standards of quality control, and 
higher yield combine to provide superior reliability at lower cost. The company’s concentration of engi- 
neering brains, using precision equipment in a brand new plant, assures you of both high performance 
and fow price. Specify U. S. Semcor for economical, reliable solid state devices . 


Pure Silicon Boules and Ingots are made in production quantities by U. S. Semcor’s revolutionary crystal- 
growing furnace. These unusually large silicon crystals make possible rugged, low cost diffused junction 
diodes for reliable performance under the most adverse circumstances. 

A Division of 


"Torr 
Industries, Inc. 


uU. S. SEMICONDUCTOR PRODUCTS 


3540 West Osborn Road + Phoenix, Arizona + BRowning 2-1341 


SLEIM I OOLE 


ae bad ed cet tn te & > a 


SEE OUR COMPLETE LINE AT WESCON BOOTH NO. 2817-2819 


Circle No. 13 on Reader Service Card 


SEMICONDUCTOR PRODUCTS e AUGUST 1959 


13 


VOLTAGE 
RECTIFIERS 


in reliable, subminiaturized packages 


You'll find Hughes silicon rectifiers ideally 
suited to design problems which combine 
high voltage with small size. In fact, 
Hughes rectifiers can handle more voltage 
than any rectifiers of comparable size. 

You also get high reliability. Packaged 
in the Hughes glass envelope—proven de- 
pendable throughout many years of test- 
ing and use—this rectifier will stand up 


under highly adverse operating conditions. 

Hughes silicon rectifiers are also pack- 
aged in modules in various configurations, 
such as: ring modulators, matched pairs 
and quads, etc. 

The complete line of Hughes rectifiers 
...with 50 to 1000 volt ratings at 50 to 200 
mA...is available for immediate delivery— 
and in large volume quantities. For addi- 


RATINGS AND SPECIFICATIONS: Absolute Maximum Ratings at 25° C. 


Max. Average 
Rectified 
Volts Current mA 


RMS 


1N846 
1N847 
1N848 
1N849 
1N850 
1N851 
1N852 
1N853 
1N854 
1N855 
1N856 


Storage temp. —65° to +-202°C. 
Max. Leakage current full cycle average 20uA. 


Creating a new world with ELECTRONICS 


Max. Surge 


1N887 
1N888 
1N889 


Cycle .6 Volts. 


Current RMS 
One Cycle (amp) Fi PIV Volts 


tional information, you are invited to write 
or phone the Hughes Semiconductor sales 
office or distributor nearest you. Or write2 
Hughes Products, Marketing Department, 
SEMICONDUCTOR DIVISION, NEWPORT 
BEACH, CALIFORNIA. 


For export write: Hughes International! 
Culver City, California. 


Max. Average 
Rectified 
Current mA 


Max. Surge 
Current 
One Cycle (amp) 


ee et et et et 
o 


Banana | SGOooOoDo00000 


Typical Full Load Forward Voltage Drop Full 
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© 1959, HUGHES AIRCRAFT COMPANY 


SEMICONDUCTOR DEVICES * STORAGE TUBES AND DEVICES + MICROWAVE TUBES * VACUUM TUBES AND COMPONENTS * CRYSTAL FILTERS «+ 
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MEMO-SCOPE® OSCILLOSCOPES + INDUSTRIAL CONTROL SYSTEMS 


APPLICATIONS ENGINEERING 
DIGESTS 


APPLICATIONS ENGINEERING DIGEST No. 10 


Transistor Circuits; Bendix Aviation 
Corp., Long Branch, New Jersey. 


Western Radio and Television Supply Company 
1410 India Street; San Diego, California 


Federated Purchaser, Inc. 
11275 West Olympic Blvd.; Los Angeles 64, Calif. 


Federated Purchaser, Inc. 
1021 U.S. Route 22; Mountainside, New Jersey 


Gifford Brown, Inc. 
618 First Street, N.W.; Cedar Rapids, lowa 


Graybar Electric Company, Inc. 
1107 Foch Street; Fort Worth, Texas 


Graybar Electric Company, Inc. 
717 Latimer Street; Dallas, Texas 


Hudson Radio and TV Corp. 
48 West 48th Street; New York 19, New York 


Kann-Ellert Electronics, Inc. 
9 South Howard Street; Baltimore, Maryland 


Kann-Ellert Electronics, Inc. 
2414 Reedie Drive; Silver Spring, Maryland 


Kierulff Electronics, Inc. 
820 West Olympic Blvd.; Los Angeles 15, Calif. 


Morris Distributing Co., Inc. 
195 Water Street; Binghamton, New York 


Morris Distributing Co., Inc. 
1153 West Fayette Street; Syracuse, New York 


Newark Electric Company 
223 West Madison Street; Chicago 6, Illinois 


Newark Electric Company 
4747 West Century Blvd.; Inglewood, California 


Radio Electric Service Co. of Pennsylvania, Inc. 
7th and Arch Streets; Philadelphia 6, Pa. 


Mytronic Company 
2145 Florence Avenue; Cincinnati 6, Ohio 


ne EE 
SEMICONDUCTOR DIVISION SALES OFFICES: 
BOSTON, 4 Federal Street; 
Woburn, Mass.; WOburn 2-4824 


MINNEAPOLIS, 6121 Excelsior; 
Minneapolis 16, Minn.; WEst 9-0461 


NEWARK, 80 Mulberry Street; 
Newark 2, N.J.; MArket 3-3520 


SAN FRANCISCO, 535 Middlefield Road; 
Palo Alto, Calif.; DA 6-7780 


SYRACUSE, 224 Harrison Street; 
Syracuse 2, N.Y.; GRanite 1-0163 


CHICAGO, 1515 N. Harlem Avenue; 
Oak Park, Illinois; NAtional 2-0283 


CINCINNATI, 816 Swifton Center; 
Cincinnati, Ohio; ELmhurst 1-5665 


PHILADELPHIA, 1 Bala Avenue; 
Bala-Cynwyd, Penn.; MOhawk 4-8365 


LOS ANGELES, 690 N. Sepulveda; 
El Segundo, Calif.; OR 8-6125 


Cooemenemmme| || see 


14 — 300 V DC Regulated Supply 

15 — Transistorized Modulator 

16 — Surge Protected DC-DC Con- 

verter 

Typical of the circuits described is 
that shown in Fig. 10.1. Here a Bendix 
2N1073B is used in a TV horizontal de- 
flection circuit. This transistor has a 
very fast switching time and a high 
gain. The saturation resistance is very 
low for good linearity. The B-201 recti- 
fier is a high speed, low forward resist- 
ance drop diode for the reverse yoke 
current swing. 

Figure 10.2 illustrates another of the 
circuits described. This is a high voltage 
supply where size and regulation are 
important factors. The regulation of this 


ONE iN540 or 
ps stsyaad TWO 1N538/leg 45 


41N468 
2N1I36| 1.5K 
PCa 


3 
4 . * . ce 
i iim This application note provides the ‘ 
engineer with sixteen circuits utilizing ae ° 
ced | Ep §=| semiconductor devices, and covering a ries 
variety of applications. Titles of circuits - 
Order off-the-shelf quantities of HIGH VOLTAGE provided in the original application note Ib 4 
HUGHES RECTIFIERS at factory low prices from are listed below: Amps 
the following exclusive distributors: ~ . © 
1 — Transformerless Intercom ‘ 
Akron Electronic Supply ye i i i i 
107 South Arlington; Akron 6, Ohio as rayon see . ae ne 
Allied Radio Corporation se BB i i Ne ci te ea* 2 
100 North Western Avenue; Chicago 80, Illinois phone Vee 
Arrow Electronics, Inc. 4— Transistorized Light Flasher gee 
525 Jericho Turnpike; Mineola, Long Island, N.Y. 5 — Transistorized Power Megaphone 
East Coast Radio and TV Co. .__Ph Wash Clee P 
1900 North West Miami Court; Miami 36, Florida — Photo—Flas Circuits : sin? 
Elmar Electronics, Inc. 7 — Boat Horn and Siren Circuit 8 
140 Eleventh Street; Oakland 7, California 8— TV Deflection Circuit . 
Radio Shack Corporation . . 
167 Washington Street; Boston 8, Massachusetts 9— Hi-Fi Stereo Preamplifier Fre- ms 
Radio Specialties and Appliance Corporation quency Response 20-20 KC aT OS 
917 North Seventh Street; Phoenix, Arizona 10 —High Efficiency 2 watt Portable ais ° 
Radio Specialties Co. Amplifier 2 
456 Charlotte Avenue; Detroit 1, Michigan TT 20 W Hi-Fi Amplifi 4 
Radio Specialties Co., Inc. ae att eo ett Oe 
209 Pennsylvania Ave.; Alamogordo, New Mexico 12 — Low Cost Hi-Fi Amplifier < 
Terminal Radio Corporation 13 — Transistor Power Pack . 
85 Cortlandt Street; New York 7, New York oa ay . Viper to) 20 40 60 80 


2N1073B soa, 


TRANSFORMER T_IS_ ADJUSTED 
TO KEEP THE DRIVE PULSE 
TO |.5v MAXIMUM 


Fig. 10.1—TV deflection circuit. 


supply is typically +1% from 0 to 200 
ma d-c, with an output ripple of less 
than 3 millivolts peak-to-peak. 
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Fig. 10.2—300 volt d-c regulated power supply. 


APPLICATIONS ENGINEERING DIGEST No. 11 


Magnetic Rectifier Controls; Fairfield 
Engineering Corp., Springdale, Conn. 


Magnetic Rectifier Controls (MRC’s) 
to drive General Electric’s new silicon 
controlled rectifiers in power control 
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and servo systems are Fairfield Engi- 
neering’s most recent contribution to 
this new and revolutionary method of 
controlling power. Applicable in sys- 
tems ranging in power from a few watts 
to many kilowatts, the new MRC units 


15 


Above: Photographic enlargement showing .005” 
aluminum wire to silicon wafer achieved by ultra- 
sonic welding resulting in low ohmic contact and 
no penetration. Paper clip shows relative size. 


Right: 100-watt SONOWELD unit, Model W-100- 
TSL-58-6 designed specifically for welding small 
semiconductor components. Generator size, 
22x14x15 inches. 


Semiconductor Assembly 


INCREASE PRODUCTION YIELD 
BY ULTRASONIC WELDING 


Ohmic contact between aluminum or gold leads and silicon or germanium 
can be obtained with high reproducibility, using SONOWELD, the ultrasonic 
welding tool for precision work. No current passes thru the weld, therefore 
no spark or sputter. There is no melting, no contamination. The process and 
equipment readily lends itself to automation. Reproducibility results in high 


production yield. 
You get efficient, reliable welds in components that operate successfully over 
a wide range of ambient temperatures in industrial and military applications. 


Use SONOWELD for precision ultrasonic welding of fine parts. 
SONOBOND CORPORATION 


West Chester, Pa. * Telephone: OWen 6-4710 
A Subsidiary of Aeroprojects, Incorporated 


Larger SONOWELD units are also available. If you want to 
evaluate ihis new and exclusive ultrasonic welding technique, 
let us send you additional information. Ask for Bulletin 118. 


SONOWELD 
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with silicon controlled rectifiers off 
stability, uniformity, and reliability « 
magnetic amplifiers at reductions i 
size and weight. 

A simple half-wave MRC power con 
trol circuit is illustrated in Figure 11. 
This is not a sim»lified schematic; it i 
the complete power control circuit, ca 
able of delivering uv to 2 kilowatts c 
controlled d-c output vower! The d- 
output is smoothly controllable fron 


CONTROL 
115v 604, SIGNAL 
AC LINE 


Fig. 11.1—Half-wave MRC power co 
trol circuit. 


zero to maximum by means of a smalt 
d-c control signal current apolied to : 
control winding in the MRC unit, ana 
the control thus established is stable 
accurate, and almost completely inde 
pendent of any variations in the charac~ 
teristics of the silicon  controllec 
rectifiers. 


MRC Theory Of Operation 


Figure 11.2 is a schematic circuit dia- 
gram of the internal wiring of the 
general purpose MRC, Model R27N2. Til 
contains two MA’s (Magnetic Ampli- 
fiers), separately excited by individuak 
secondary windings on the input trans 
former. In addition, there is a center 


GATE 
WINDING 


O GATE ~ 
SILICON CONTROLLED), 
RECTIFIER #4 at 


I1SvAC 
60%, 


© CATHODE 
© CATHODE 


SILICON CONTROLLED} 
RECTIFIER #2 ap 


OGATE 


GATE 
WINDING 


Fig. 11.2—Wiring diagram of Modet 
R27N2 MRC. 


tapped secondary winding for the in- 
ternal bias supply. Each MA has three 
control windings, the control windings 
being connected in series, as shown, 
with one pair connected to a terminal 
of the internal, full-wave rectified, bias 
supply. In operation the input trans- 
former applies a-c to each MA, and 
diodes in series with the MA’s rectify 
the applied a-c to develop a d-c com- 
ponent which saturates the MA cores. 
Half-wave rectified current therefore 
flows in the gate-cathode circuit of the 
silicon controlled rectifiers. 

By closing the bias circuit with an 
external resistor, d-c can be made to 
flow in the bias windings until the net 
d-c in each MA is zero. In this con- 
dition, the MA cores are unsaturated, 
and the gate windings present a high 
impedance, effectively an open circuit, 
to the a-c excitation. If now a small d-c 
signal current is; injected into a free 
control winding, there will be a point 
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- core saturates. At this point in the cycle 
| the MA gate winding suddenly becomes 
a low impedance, practically a short 
circuit, and the applied a-c input ap- 
j pears instantaneously at the gate of the 
| silicon controlled rectifiers. 
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| APPLICATIONS 
ENGINEERING 
DIGEST 

No. 12 


Shockley 4 Layer Transistor Diode; 
Shockley Transistor Corp., Palo Alto, 
California. 

The Transistor Diode is a _ self- 
actuated silicon switch with operating 
characteristics based on the principles 
of transistor action. It is a two terminal 
device with two stable states: (1) an 
“open” or high resistance state of more 
than one megohm, and (2) a “closed” or 
low resistance state of a few ohms. The 
device is switched from one state to the 
other by controlling the voltage across 
it, and the current passing through it. 

Because the switching properties of 
the transistor diode closely approach 
those of the ideal switch, it is finding 
applications in many fields. In addition 
to its advantages as a semiconductor 
switch, it provides the unusual combi- 
nation of power handling ability and 
fast switching. Some of its present 
applications include pulse generators 
and amplifiers, oscillators, relay alarm 
' circuits, ring counters, detonator firing 
' circuits, magnetron and sonar pulsing, 
_ telephone switching, and computer ap- 
| plications such as magnetic core driv- 
? ing. It has been used in replacing relays, 
_ thyratrons, gas diodes, and switching 
transistors. 

Typical pulse generator and amplifier 
circuits are shown in Figs. 12.1 and 12.2. 


“ent a - 
—Se = 


ee ae a ee ees ee ser 


AT Ng" 


B+ 


Fig. 12.1—Simple pulse generator with 
low impedance input. 


BENDIX ANNOUNCES NEW 


POWER TRANSISTOR 
SERIES 


Now in production by Bendix are 
eight new 15-ampere power transistors 
capable of switching up to 1000 watts 
—and you can get immediate delivery 
on all eight types. 

New in design, the transistors have a 
higher gain and flatter beta curve. The 
series are categorized in gain and volt- 
age breakdown to provide optimum 
matching and to eliminate burn-out. 
Straight pins or flying leads can be 
supplied on request. 

Ask for complete details on this new 
Bendix transistor series... and on the 
complete Bendix line of power recti- 
fiers and power transistors. Write 
SEMICONDUCTOR PRODUCTS, BENDIX 
AVIATION CORPORATION, LONG BRANCH, 
NEW JERSEY. 


50-100 |} 2N1032 | 2N1032A | 2N1032B | 2N1032C 


*Comparable collector-to-base breakdowns range 20-50% 
higher. 


West Coast Sales: 117 E. Providencia Ave., Burbank, Calif, 


Midwest Sales: 4104 N. Harlem Ave., Chicago 34, Ill, 
New England Sales: 4 Lloyd Rd., Tewksbury, Mass, 
Export Sales: Bendix International, 

205 E. 42nd St., New York 17, N.Y. 
Canadian Affiliate: Computing Devices of Canada, Ltd., 
P. O. Box 508, Ottawa 4, Ont. 


“Tred Gon Division Wad 


AVIATION CORPORATION 


LONG BRANCH, N. J. 
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L ‘Gostek are gas or vacuum grown by 
a modified Czochralski technique. 
Let KNAPIC [eee 
grow your 
SILICON 


CRYSTALS 


SILICON AND GERMANIUM MONOCRYSTALS 


Major manufacturers of semiconductor devices have found that Knapic 
Electro-Physics, Inc. can provide production quantities of highest quality sili- 
Solar Cell and con and germanium monocrystals far quicker, more economically, and to 
much tighter specifications than they can produce themselves. Knapic Electro- 
Physics has specialized in the custom growing of silicon and germanium 
monocrystals. We have extensive experience in the growing of new materials 
to specification. Why not let us grow your crystals too? 

Knapic monocrystalline silicon and germanium is available in evaluation 
and production quantities in all five of the following general grade categories 
—Zener, solar cell, transistor, diode and rectifier, and high voltage rectifier. 


For Semiconductor, 


Infrared Devices 


SPECIFICATIONS -Check These Advantages 


[] Extremely low dislocation densities. 


Tight horizontal and vertical resistivity tolerances. Resistivities available in controlled ranges 
-005 to 1000 ohm cm., N and P type. 


Diameters from .10” to 2”. Wt. to 250 grams per crystal. Individual crystal lengths to 10”. 


Doping subject to customer specification, usually boron for P type, phosphorus for N type. 


Lifetimes: 1 to 15 ohm cm.— over 50 microseconds; 15 to 100 ohm cm.— over 100 microseconds; 
100 to 1000 ohm cm.— over 300 microseconds. Special Knapic small diameter material over 


1000 microseconds. mae Z 
Specification Sheets Available 


re} Low Oxygen content 1 x 10'” per cc., 1 x 10'® for special Knapic small diameter material. 


Infrared Domes and Lenses 


LARGE DIAMETER Individual silicon ingots for lens use and hollow cut 


i 
: 
| | 
| 
: y 5 ie domes to 8” diamet i 1 
Dislocation density, Knapic silicon mono- | SILICON LENSES and evaluation quantities et vane aec ae eRe 
crystals. Crystal diameter 1/10" to 3/8"—= | AND CUT DOMES be available in the near future. Transmission charac- | 
None; 3/8" to 3/4"”—less than 10 per sq. | | 
| 
| ' 


FOR INFRARED USE, teristics— minimum 52%, coated 97% in ranges be- 
em.; 3/4" to 1-1/4"—less than 100 per sq. 


tween 1 to 15 microns. 
¢m.; 1-1/2" to 2" less than 1000 per sq. cm. 


apic Electro-Physics, Inc. 


936-938 Industrial Avenue, Palo Alto, California Phone: DAvenport 1-5544 
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Fig. 12.2 — Triggered pulse generator 
with high impedance input. 


Fig. 12.3—Flip-flop circuit. 


Fig. 12.4—Core drive circuit. 


A typical flip-flop circuit is pictured 
in Figs, 12.3. The circuit shown may be 
triggered from one to the other of two 
conditions. Depending on the value of 
the resistors and the supply voltage, the 
circuit may be astable, monostable, or 
bistable in its action. 

Figure 12.4 shows a magnetic core 
drive circuit. The transistor diode can 
be used for core driving circuits where 
the current pulse delivered to the load 
must usually be large and of short 
duration. Some pulse shaping elements 
may be necessary in such a circuit. A 
typical circuit is illustrated. 
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Mil-E-5272 


*Mil-R-6106 


| SPECIFICATIONS 


10. ‘ampere pire load. . 100,000 operations © 
*7.5 ampere inductive load. 20,000 operations 
5; ampere motor. load... 25,000 operations 
ampere lamp load... . 25,000 operations ~ 
40 ‘ampere overload. see 50 operations (min.) 
Mechanical ‘Life:-: , .400,000 operations: 


"0.465 x "01975 x e132 
“1,15 oz. max. noe 
MENTAL DATA: ° 
ewes ee 30 g's to 1000 cps 
‘ 20 g's to 2000 cps 


‘50 g’s operating (min.) 
+100 g's mechanical (min.) 


Ke 65° C to +125° Goes 


10 to 40K ohms 
60 to 150 M.W. 
“10 M. S. (max.) 
: 10 M. >: Saros 


‘designed, to “meet or exceed 2, 5, 

quirements of all current military 

specifications. ‘For'information pertaining to these 

and any other special apenas relays contact E.S: 
é he 


ELECTRONIC SPECIALTY. co: 
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5121. San Fernando: Rd., Los Arigeles 39,- “allt: 
: enema 5- 3771 


PHOTO ‘BY MOUNT WILSON: & PALOMAR OBSERVATORIES: . - 
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ALL YOU SHOULD KNOW ABOUT GRAPHITE 
for Transistor Production 


Here are some of the questions it answers: 7. What difference does it make whether a graphite 
fusion jig is molded or extruded? (answered on 


I. Why is high purity important in graphite for semi- page 6) 


conductor processing? (answered on page 5) ’ : 
8. What production help can a graphite producer offer 


: ‘ ? : 
2. Can Ultra Pure graphite help cut costs? (answered a maker of transistors? (answered on pages 12-13) 


on page 5) . oe 
3. Can more reliable transistors be made through the 9. Does United guarantee quality? (answered on 
use of Ultra Pure graphite? (answered on page 4) page 15) 
4. Does United guarantee “crash” deliveries? And these questions are but a few—a merest indica- 
(answered on page 14) tion. For the whole story on United’s services, and 


on Ultra Pure Graphite’s role in improving semi- 

conductor production, send for this new 20 page loose-. 

leaf, stiff cover brochure. Fully illustrated . . . carefully 

6. How is United set up to help with technical ques- compiled . . . sure to be a help to you. . . . Mail the 
tions? (answered on pages 2-3) coupon now. 
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Transistor TV Vertical Deflection 


M. J. HELLSTROM* 


[Tear sheets of this article are available on written request] 


Il. Introduction 


transistors and direct coupling to the deflection 

yoke have been described in the literature. J, 
1 These require two power transistors or perhaps 
one power transistor and two low level units. Al- 
though techniques for compensation for the large 
average flux in the yoke are known, "1, ] they suffer 
from difficulties with linearity, raster distortion and 
power consumption. A circuit which uses direct cou- 
pling to the yoke requires approximately twice as 
much power from the battery as does one using a-c 
coupling to the yoke. This is illustrated in Fig. 1 
which shows graphically the relative power consump- 
tion and its division between the yoke and output 
transistor. Since power is a prime consideration in a 
portable television receiver which is to be operated 
from a battery, a-c coupling is considered as an im- 
portant design objective. This objective has been ac- 
complished in circuits!*] requiring at least three 
transistors to overcome the non-linearizing effects of 
the coupling transformer or choke. The a-c coupled 
circuit described here uses two transistors, one of 
which is a power unit, and a diode. To aid in under- 
standing some of the problems involved and the 
evolution of this circuit, the circuit requirements will 
be studied, starting with the output stage. 


tL leansistr VERTICAL DEFLECTION CIRCUITS using 


Il. Circuit Requirements 


Output Stage 


If there is a fixed space available on the yoke for 
the vertical deflection winding, then the magnitude 
of the impedance of the yoke may be varied over a 
wide range but the time constant remains constant.""! 
The impedance level which should be used at the col- 
lector of the output stage is then determined by the 
collector voltage rating of the output transistor. For 
presently available transistors this is from 40 to 60 
volts. The impedance level of the yokes used in cur- 
rent vacuum tube receivers is suitable for coupling 
to the output stage without appreciable transforma- 
tion. Therefore, we will consider such a yoke with a 


*Supervising Engineer, Westinghouse Electric Corp., 
Advanced Development Laboratory, 
Television-Radio Division, 

Metuchen, New Jersey 
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resistance of 45 ohms and an inductance of 45 milli- 
henrys and which requires a peak-to-peak current of 
400 milliamperes for full deflection. If the current 
gain of the output stage, including its biasing and 
stabilizing network, is 40, then the base drive must 
be a 10-milliampere peak-to-peak current ramp. Sup- 
pose an attempt is made to drive the output stage 
from a charging circuit consisting of a series resist- 
ance and capacitance. In order to preserve linearity, 
the average charging current must be much larger 
than the base current required by the output stage. 
Thus, the charging current i,,, in Fig. 2, must be on 
the order of 100 milliamperes. If the charging source 
is 12 volts, the power wasted in the sweep resistance, 
R, is 1.2 watts. In comparison with the minimum 
power that can be dissipated in the 45 ohm yoke at 
full sweep, i.e., 0.6 watts, this clearly is excessive. 
Another serious problem is introduced by the large 
charge stored on the sweep capacitor, C, during the 
16 milliseconds of sweep. This charge of 1.6 x 10° 
coulombs must be removed during a retrace time of 


YOKE YOKE ice 
==" OF AE 3 
+ + 
«POWER IN OUTPUT —— 
STAGE 
«POWER IN YOKE 


1 — Output stage power consumption for ideal d-c 
and a-c coupling. 
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R 
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Fig. 2— An R-C driven output stage. 
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Fig. 3— Multivibrator type vertical oscillator using two 
power transistors. 


BLOCKING 


(0) B. O. 


Fig. 4— Three transistor vertical deflection circuits. 


COMPLETE SIMPLIFIED 
CIRCUIT 


Rg * SWEEP RESISTANCE 

Cg = SWEEP CAPACITANCE 

Cp = FEEDBACK CAPACITANCE 

T, = LOW LEVEL DRIVER TRANSISTOR 
To = POWER OUTPUT TRANSISTOR 


(8) (¢) 
SIMPLIFIED CIRCUIT SIMPLIFIED CIRCUIT 
DURING SWEEP DURING RETRACE 
(DIODE OPEN) (DIODE CLOSED) 


Fig. 5— Simplified two transistor vertical deflection 
circuit. 


approximately one millisecond. Since the device which 
is used to discharge C must then carry an average 
current of 1.6 amperes, a power transistor is required. 
Such a circuit might be made as shown in Fig. 3. 

In order to reduce the power dissipated in the 
sweep resistance, and to decrease the charge trans- 
ferred into and out of the sweep capacitor to a level 
that can be handled by a low-power transistor, a 
driver stage can be inserted between the R-C charge 
elements and the output transistor. Because of the 
current gain of this low-power driver stage, the 10- 
milliampere load on the sweep capacitor is reduced 
to, say, 200 microamperes. 

Two schemes of this type are outlined in Fig. 4. One 
is a multivibrator arrangement and the other uses a 
blocking oscillator to discharge the sweep capacitor. 
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An alternative arrangement is to use some of the 
energy stored in the yoke during the sweep time toi 
alter the charge on the sweep capacitor during re-: 
trace time. This is accomplished in the circuit ar-: 
rangement shown in its simplest form in Fig. 5. One 
power transistor, one low-level transistor, and a diode 
are used. The fundamentals of its operation will be 
described for the simple circuit of Fig. 5. Then the 
complicating factors relating to thermal stabilization. 
linearity, a-c coupling, and other practical problems 
will be discussed. 


ll. Basic Circuit 


Referring to Fig. 5A, if we look in on the operation: 
at a point during the sweep interval, then the voltage: 
across the sweep capacitor, Cy, is less than the voltage : 
across resistance R,;, and the diode, D, is open. The: 
loading effect of Cy, R,, and R»z on the collector of the: 
output transistor, T2, may be neglected so that the: 
circuit of Fig. 5B applies during this sweep interval] 
when the diode is open. Notice that none of the ele-- 
ments R,, R2, Cy, or D is present in Fig. 5B. The: 
sweep capacitor, Cy, is charging toward the supply’ 
voltage, E, through sweep resistance Rg, This rising} 
voltage is applied to the base of the driver transistor, , 
Ti, producing an increasing base current and hence > 
collector ( and yoke) current in the output transistor, , 
T». Thus during the sweep time, when the diode is; 
open, the circuit consists of two common emitter am- : 
plifiers in cascade driven by an Rs—Cy charge com- - 
bination. 

Returning now to Fig. 5A, when the voltage across : 
the sweep capacitor reaches that level set by the di- - 
vider R,; and Re, the diode closes and connects a posi- - 
tive feedback path from the collector of the output 
stage via the feedback capacitor, Cy, to the base of | 
the driver stage. An oscillation begins, involving the 
inductance of the yoke and the capacitance Cy and Cg 
in series. Initially the current path is through the 
diode in its forward direction. As long as the diode is 
conducting and represents a low impedance the 
equivalent circuit is that shown in Fig. 5C. The flow 
of current in the forward direction of the diode dis- 
charges the sweep capacitor very quickly. When the 
current attempts to reverse its direction due to the 
tuned oscillation, the diode opens up and the circuit 
is again in its linear amplifier mode pictured in Fig. 
5B. The sweep capacitor then charges through Rs 
commencing the sweep period again. 


A-C Coupling to Yoke 


It was stated in the introduction that a-c coupling 
to the yoke is a principal consideration. The problems 
invoived in doing this with an inductor of reasonable | 
size are chiefly linearity and efficiency. Since the yoke 
has the correct impedance there is no appreciable | 
transformation of level required. Hence either a choke 
or a unity turns ratio transformer could be used. The 
choke is more desirable because a higher shunting 
inductance can be obtained for a given maximum al- 
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owable d-c resistance in the winding. This is funda- 


‘be shared with a secondary winding. The only disad- 
vantage is that perfect d-c isolation of the yoke can- 
‘not be obtained with a choke alone since its resistance 
is not zero. For example, if a 45 ohm yoke is coupled 
directly by a 9 ohm choke, then 9/54 of the 200 
‘milliamperes of average collector current, i.e., 33 mil- 
‘liamperes, will flow in the yoke. Permanent magnets 
can be used to compensate for such an off-centering 
current, or it can be eliminated by using a blocking 
condenser in series with the yoke.!*] Since the shunt- 
ing inductance of the coupling reactor is not infinite, 
its parabolic current is added to the sweep current to 
increase the current demand upon the output transis- 
tor. This is illustrated in Fig. 6 for the case in which 
the magnetizing inductance is seven times the induct- 
ance of the yoke. If the inductance ratio between the 
choke and the yoke increases, then the effect of the 
‘parabolic choke current is proportionally reduced.|4! 
Thus the output choke should be designed to have 
maximum inductance with not more than a certain 
“maximum resistance. This value of resistance will be 
discussed shortly. In practice, a reasonable core size 
is chosen, such as that used in current black and 
white television receivers. The choke is then wound 
with as many turns as possible without exceeding the 
maximum resistance value for the winding. Finally, 
‘the air gap is adjusted for maximum incremental in- 
ductance when the design value of average current is 
in the coil. 

The question of the resistance of the choke, and 
hence of the maximum inductance attainable with a 
given core, is closely coupled to the problem of ther- 
mal stability in the output circuit. For thermal sta- 
bilization an emitter resistance will be inserted as 
shown in the zero frequency equivalent circuit of the 
output stage, Fig. 7. The resistance in the collector, 
Re, represents the choke and yoke in parallel, unless 

'a coupling capacitor is used, in which case Rg is just 
the choke resistance. To a first order approximation 
there is no signal current in R, because of the choke 
inductance. Since R,z is bypassed, there is none in Ry 
either. So, effectively the a-c power to the yoke and 
the transistor must come from the available power 
from the battery. This is E?/4(R,,). The yoke re- 
quires (1/12)I? Ryox., where I is the peak-to-peak 
sweep current, and the transistor requires (1/6) I? Ryoxe. 
This follows since the ideal efficiency of a Class A 

sweep circuit is 33.3 percent.* The maximum value of 
resistance, Ry, is figured by equating the maximum 
available power to that required by the yoke and the 
transistor. That is, 


eae 


=~ I? Rye 
4Rac 4 


*This assumes a purely resistive load which is not exactly the 
case here. The error involved in these rough power calcula- 
tions, however, is not excessive for this purpose. 
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mentally because the window area does not have to. 


Hence, 
(E/D)? 
Ryoke 


For a 12-volt battery with I equal to 0.4 amperes and 
a yoke resistance of 45 ohms, 


Figs (maz) — 


Rac (maz) = 20 ohms 


This d-c resistance must be divided between the 
emitter stabilizing resistance and the choke. In order 
to minimize the parabolic current in the choke, as 
much as possible of this 20 ohms must be allowed for 
the choke; as much, that is, as thermal stability con- 
siderations and efficiency will allow. Thus, some sort 
of compromise is indicated between the desired large 
value of the choke inductance on one hand and a 
margin of thermal stability and power efficiency on 
the other. Such a compromise may be facilitated by 
the following analysis of these factors for the output 
stage. 


IV. Design Of Output Stage 


The output stage will be studied with the aid of the 
circuits shown in Fig. 7. The following assumptions 
are made: 

1. The coupling capacitor, C, is sufficiently largel*! 

so that its effect on operation is negligible. This 


Lichoxe = ZO (Lyoxe) 


LINEAR SWEEP CURRENT—», 
COMPONENT IN YOKE 


TOTAL 
COLLECTOR 
CURRENT 


PARABOLIC CURRENT 
COMPONENT IN CHOKE 


Fig. 6.—Non-linearizing effect of choke current on col- 
lector current. 


Ry 
Eco 


Ro 


(8) 
D.C. EQUIVALENT CIRCUIT 


(a) 
OUTPUT CIRCUIT 


Pa = Ecc®/4 (Re + Rc) = Eco®/4Roe 
Roc = Re+Ro 
Re =Rif[R2 


Fig. 7 — Vertical deflection output stage. 
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is easily achieved in practice. 

2. The inductance of the choke greatly exceeds that 
of the yoke. Thus, the a-c component of current 
in the choke is neglected. In practice this is only a 
fair approximation. The results obtained using 
this approximation, however, are useful in de- 
termining the starting point of a design and the 
direction in which to proceed to obtain desired 
variations in the relevant factors. 

3. The emitter to base voltage is much less than 
the voltage across the emitter resistance. This is 
needed to facilitate thermal stability calculations. 
If the emitter resistance is at least two or three 
ohms this is a fairly good approximation. 

4, The current gain of the transistor is nearly con- 
stant. For the sweep current presently required, 

e., 400 milliamperes typically, this is not too 
difficult to achieve with available transistors. 

5. The yoke may be modified by changing the wire 
size but the window area available is constant. 
Core saturation is not a problem. 

6. The choke is wound on a given core size with a 
fixed window area. Saturation is a problem to 
the extent that an air gap is necessary, and, in 
fact, supports almost all of the magneto-motive 
force. 

7. The saturation resistance and cut off current of 
the transistor are small so that the collector cur- 
rent and voltage each can swing down to zero. 
This is reasonable for germanium power tran- 
sistors. 

8. The external base resistance, Rz, in Fig. 7B is 
limited to a maximum value by the breakdown 
characteristics of the collector. That is, the collec- 
tor can support more voltage with respect to the 
emitter if the base resistance is lower. It is un- 
desirable to use a lower value than this maxi- 
mum because of its shunting effect on the signal 
which effectively reduces the stage gain. In the 
example given, 200 ohms is used. 

9. For the purpose of power considerations the 
yoke is considered to be a pure resistance. This 
introduces 10 to 20 percent error in the power 
calculations, not a negligible amount, but cer- 
tainly small enough for a first approximation. 

Implications of the assumptions will be given at the 
appropriate points in the analysis. 

The first characteristic of the design to be studied is 
‘the relation between the total d-c resistance and the 
a-c load resistance. In other words, what must the 
yoke resistance be for values of supply voltage, choke 
resistance, and emitter resistance? Yoke power re- 
quirements and load line considerations lead to the 
answer. It follows from assumption No. 5 that the yoke 
window area is constant, that the time constant of the 
yoke, Ly/Ry, is constant.!4] 

The ampere turns in the yoke must remain constant 
and the yoke inductance varies as the square of the 
number of turns. Hence it follows that the sweep cur- 
rent varies inversely as the square root of the induct- 
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ance. Therefore, the power dissipated in the yoke 
during sweep does not vary as the yoke impedance i 
changed. Let P, be this power. As illustrated in Fig. 1 
the power dissipated in the transistor is twice that ix 
the yoke, i.e., 2P,. Hence the total power consumption 
in the yoke and transistor is 3P). The source of thi: 
power is the battery and the source impedance is Raq 
the sum of the choke and emitter resistors. Thus if : 
constant power hyperbola for 3P, is plotted on thx 
output voltage-current plane, and the d-c load line fo: 
E,, and Ra is drawn, then the intersection of these 
two is the proper bias point for that source volta 
and resistance, and yoke dissipation. In Fig. 8 this i. 
done for the general case and also for a specific case iri 
which E,,. = 12 volts and P, = 0.6 watts. The a-c loaa 
line, whose slope is the yoke resistance, Ry, is tangen: 
to the 3P, power curve at its intersection with d-c loaa 
line. From these geometrical considerations the fol. 
lowing relation can be derived.* 


U2 ier 
See i — Bee Ey Es 


12 PR. 
| a < 2S SS 
tS A eee 


Notice that E,.2/4(Ra,) is the maximum power 
available to the transistor and yoke from the battery 
and R,,. This means that there is a maximum valua 
that Ra, can have and still be able to supply the neces 
sary 3P,. This occurs when the d-c load line is tangent 
to the 3P, curve, or when 


FEc?/4 Rac = 3P, 


If this available power is called P, then the above 
relation becomes 


ase ane 

Ry = Rac —— 

1- , ie 

t Pa 

in which it is evident that the determining factor is 

the ratio of required power, 3P,, to the available 

power P,. This relation is plotted in Fig. 9 for the gen+ 

eral case in terms of 3P,/P, and for our specific ex- 
ample in terms of Ry. 

Although the value of yoke impedance is necessary ' 
for the circuit design it is not an important factor in 
itself. More important is the input power which must 
be supplied by the battery. Since the power consumed: 
in the yoke and transistor is fixed, the input power 
will be increased only by the power dissipated in the 


emitter and choke resistance. This power has been 
derived** and is given by 


te ee La Py 
38Ps 3P) A eee 


*Appendix A 
** Appendix B 
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where, again, the determining factor is the ratio of 
vequired to available power. This relation for the gen- 
eral and specific cases is plotted in Fig. 10. These 
burves show one of the factors involved in the com- 
gromise, i.e., power input. The next factor to be 
examined is thermal stability. 

One of the important quantities involved in calcu- 
lating thermal stability] is the quiescent collector 
voltage. As far as this factor alone is concerned, it is 
desirable to increase Ry. as much as possible since 
this reduces the quiescent collector voltage, E. This 
jis evident from Fig. 8. The exact relation is E/E,, = 
BP,/Pin, which follows from E = 3P,/I., and Eoo= 
Pin/Ia,. Hence the curve at the left of Fig. 10 gives the 
‘reciprocal of the quiescent voltage reduction. 

In addition to E, there are three other quantities 
at must be controlled or accounted for to prevent 
‘thermal runaway. First is the thermal resistance, K, 
‘between the transistor junction and the ambient, 
which is a constant in this design. The leakage current 
at the junction temperature which would be reached 
if there were no leakage current is a second factor. 
This temperature is T; and the corresponding leakage 
I.,/T;. Since the ambient temperature, the thermal 
resistance, K, and the collector dissipation in the ab- 
isence of I,,, (3P,)*, are all constants, this leakage 
current factor is also constant. That is 


T= To +R BP) 


sis constant when T,, K and P, are fixed, hence I,./T,, 

is fixed for a given transistor. The third factor is the 
Beaton of collector current with leakage current, S. 
This is the familiar stability factor defined by Shea.!3! 
‘For the circuit of Fig. 7B this is 


1 


S= rs 
R on | 
B E 4 


* Re sh Rep ae ery 


| 
Since in this analysis a and Rg have been fixed, the 
only parameter that affects S is Ry. The variation of S 
with R, for the example at hand is shown in Fig. 11. 
Thermal runaway will be impossible if the product 
of S, K, E, and I,,/T; is less than 5.3 K and I,,/T; are 
constants and the behavior of S and E has been con- 
sidered. In order to combine these factors, realistic 
values will be chosen for the constants. Let the 
thermal resistance be K = 5.55 °C/W, and the room 
temperature (25 degrees C) leakage current be 0.2 
ma. The maximum ambient in which this circuit must 
| 


operate is 45 degrees C. Thus, 

T he +- KK (3P.) 
45°C + (5 
55°C 


.55°C/W) (1.8 watts) 


-and 


-*Although the power in the transistor is 2P. during a full scan 
the factor 3P. is used because it allows for higher dissipa- 
tion when the signal is absent. 
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POWER = 3Po 
= [.8watts 
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QUIESCENT POINT FOR Rdc.=0 112%, [50ma 
QUIESCENT POINT FOR Rdc.=15~+: 9% 200me. 


QUIESCENT POINT FOR Rdc. = 20-%% 
6. 300 wa 
Rdc.= 15 


COLLECTOR VOLTAGE ( VOLTS) 


Rd.c.= 20% 


400 500 


6) 100 200 300 600 


COLLECTOR CURRENT (MILLIAMPERES) 


Fig. 8 — Output plane: a-c and d-c load lines. 


GENERAL SPECIAL CASE: Po= 0.6 watts 
Pa=€cc® /4Rdc Ecc= l2 volts 
5 i 5 20 
(3Po if Pa) Rc 


Fig. 9— Yoke resistance vs. emitter plus choke resist- 


ance. 
2.0 é 
GENERAL SPECIAL CASE =: Po=0.6w 
Pin st Ecc = 12" 
3Po 
3 
1.0 Pin 
(W) 2 
l 
(@) 10) 
(0) 0.5 1.0 ie) 5 10° 15: 20 
3Po R de (ohms) 
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Fig. 10 — Power input vs. d-c resistance. 
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Fig. 11 — Variation of stability factor with emitter re- 
sistance. 
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I 


55-25 
Teo/T1 = 0.2 ma X 2 (#24) 


= 1.6 ma 


Thus, for every pair of values of Rac and Ry the prod- 
uct SKEI,,/T; can be found. These values have been 
plotted in Fig. 12, from which it is evident that for a 
two to one stability margin the total d-c resistance 
should exceed 5 ohms. Also, the emitter resistance can 
never be less than 2 ohms. These curves have not been 
plotted for values of Ry less than 2 ohms because the 
approximation (#3) regarding negligible emitter-base 
voltage would become unjustifiable. Furthermore, the 
value of Ry cannot equal the value of Ra, since this 
would imply a zero resistance choke. 

At this point, with the aid of Figs. 10 and 12, values 
may be selected for Ry, and Ry on the basis of power 
input and thermal stability considerations. For ex- 
ample, if 2.5 watts input power cannot be exceeded, 
then R,z, must be less than 16 ohms. With a 2:1 
thermal stability margin, Rz must exceed 4 ohms. 
However, one further quantity must be considered in 
the final choice. The inductance of the choke must 
greatly exceed that of the yoke. This has been as- 
sumed throughout and an attempt must be made to 
insure this condition. 

It follows from assumption No. 6*, that the core is 
fixed and that an air gap is required to prevent satu- 
ration, that the inductance of the choke is propor- 
tional to the square root of its resistance and to the 
square root of the yoke resistance. That is 


Pp Lt] Feo | fey 

Ty oe ae 

in which the subscripts c and y refer to the choke and 
yoke respectively and the superscript “0” refers to a 


prototype value for that parameter. The yoke induct- 
ance on the other hand is proportional to the yoke 


resistance 
6 eee 
caw 


because the time constant remains constant for a 
given window area and with a fixed magnetic path. 
The ratio of choke to yoke inductances is therefore 


*See Appendix C 
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Fig. 13 — Choke to Yoke inducantce ratio versus R,;, and 
R,. 
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LIMIT FOR THERMAL 
STABILITY 


a 


Ecc =12 volts 
Po =06 watts 


K= 5.55 °C/W 
Icol25% =O.2wa 
Ta = 45°C 


g A ee LIMIT FOR 2:1 
= THERMAL STABILITY MARGIN 
ek: 
u Rde=10- 
x 
be Py 
Rdc = 15 ~~ ; 
t 
Rdc= 20 ‘ 
19) 
ie} 2 a 6 8 JOS 2" 16. 6" 18 20 
Re (ohms) 
Fig. 12 — Thermal stability versus R,, and R,. 


Lt pay Ee 
Ly eRe ie 


ey hy f R,° Jt 

~\L,?: Netie? Ry 
The first bracket in this expression is a constant for: 
given yoke and choke prototypes. The second bracket: 


describes the variation from this prototype. In thes 
practical case under analysis prototype values are: | 


L,° = 45 mhy., R,° = 45 ohms 
L° = Thy, 22°’ = 10sehms 
Substituting these values the 


comes, 
Le = 47.1 J 
Ly 


To relate this to our previous work, the yoke resist-- 
ance is identified as R,, and the choke resistance as: 
Rac ee; Rp. Thus, 


inductance ratio be— 


R. 
Ry 


open vet 
Ts Peace 


The relation between Ry, and R,, has been given in: 
Fig. 9, hence the inductance ratio may be plotted as a: 
function of Ry, and Ry. Fig. 13 shows this. As a guide: 
to what ratio is needed, the peak-to-peak current in 
the choke is in the same ratio to the yoke peak-to- 
peak current, as two and one-half times the ratio of 
yoke to choke inductances, '! in a television vertical 
deflection system. That is, : 


Ties) ees = | 
I, (ap) Lf Ly ) 


Thus, if the choke current is to be 1/10 the yoke cur- 
rent swing, then L,/L, must be 25. If this requirement 
is combined with those that led to the minimum value 
of Ry being 4 ohms and the maximum Ra, being 16 
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Fig. 14— Effect of bias network on input and transfer 


characteristics. 


ohms, then from Fig. 13 it is evident that R,, should 
_ also not be much less than 16 ohms and R,y not much 


more than 4 ohms. Therefore, by means of power 


' input, thermal stability and choke inductance con- 


siderations, the values of Rz, and Ry have been de- 
termined. From these the yoke and choke designs 


- follow immediately. With Ry, = 4 ohms and R,, = 16 


ohms, R, = 12 ohms and R,, = R, = 42 ohms (from 


Fig. 9). Since the resistance of the choke is propor- 


tional to the square of the number of turns*, the 
choke prototype has to have its number of turns in- 
creased by \/12/10 — 1.094 (and of course its wire 
cross section decreased by 1/1.094). Similarly the 
yoke prototype must have its turns decreased by 
V/42/45 — 0.966 (and its wire size increased by 
1/0.966. 

With the emitter resistance of the output stage by- 
passed, the input impedance at signal frequencies is 
quite low so that the shunting effect of Rz is not too 
serious. In fact, there is some linearization of the cur- 
rent gain fall-off as emitter current increases. This 
occurs because accompanying the emitter current 
increase is a decrease of the input impedance, which 
decreases the reduction in gain due to the shunting 
effect of Rz. Fig. 14 illustrates this effect for a Bendix 


_ 2N418, one of several types used as output transistors. 
. For the transistor illustrated, the average current gain 


over the collector current range of 50 to 350 ma is 
300/1.45 or 207. When the bias network is included, 
the average effective current gain becomes 300/2.2 = 
136, a reduction of 33 percent. In practice these cur- 
rent gain values probably would represent the high 
end of a spread. The design should provide for gain 
reductions of at least another 50 percent. Thus the 
input to the output stage must be from 3.2 ma to 6.4 


_ ma peak-to-peak for a full 400 ma sweep in the collec- 


tor of the output stage characterized by Fig. 14. To 
obtain the waveshape of the drive current it is neces- 
sary to combine the required collector current wave- 


*Appendix C 


SEMICONDUCTOR PRODUCTS e AUGUST 1959 


form, which depends on the choke to yoke inductance 
ratio, with the transfer characteristic. Figs. 6 and 14 
are used to obtain the drive waveform of Fig. 15. 


V. Driver Stage 


The drive current may be obtained from either a 
p-n-p or an n-p-n driver stage connected in the com- 
mon emitter or common collector configuration. The 
common emitter has been chosen because in addition 
to its high power gain it has a high output impedance. 
This prevents a voltage developed across an interstage 
coupling capacitor from affecting the current wave- 
form. An n-p-n type was used mostly because it of- 
fered the possibility of direct coupling to the R-C 
drive circuit and to the output stage, although a-c 
coupling was later found desirable. It is believed that 
with minor circuit changes a p-n-p common emitter 
driver would perform as well. The design of the driver 
stage is relatively simple. The base to emitter wave- 
form necessary to produce a current waveform with 
the shape shown in Fig. 15, but of about twice that 
amplitude, is graphically determined in Fig. 16. The 
transfer characteristic is that for a Sylvania 2N214, 
one of the types used as a driver. It is biased at 3 mil- 
liamperes. Note that the curvature of the driver’s 
transfer characteristic tends to linearize the required 
input waveform. The exact shape of the drive wave- 
form depends critically upon the various character- 
istics of the output and driver transistors pictured in 
Figs. 14, 15, and 16. Even for given transistors these 
will vary with bias levels. Variations in choke to yoke 
inductance ratio will also be significant. Rather than 
attempting to design a shaping system to accommo- 
date all of these variables, it was decided to use nega- 
tive feedback around as many of the non-linearities 
as possible. 

Since the voltage swing that appears between the 
base and emitter of the driver is on the order 60 to 
100 millivolts, it is possible to apply considerable volt- 
age feedback and still not require that too large a 
sweep voltage be generated at the sweep capacitor. 
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Fig. 15 — Drive waveform for output stage. 


27 


Negative Feedback 


This is accomplished by feeding back to the emitter 
of the driver stage a voltage that is proportional to the 
yoke current. In Fig. 17 the resistor R, samples the 
yoke current and develops the feedback voltage. A 
typical value of R, is 3.3 ohms which, as a result ofa 
400 milliampere yoke current sweep, will feed back 
1.32 volts of sweep to the emitter. The feedback is 
therefore on the order of 25 db. Feedback of this type 
requires additional power from the output stage. With 
a yoke resistance of 45 ohms and a 3.3 ohm feedback 
resistor, the increase amounts to 6.8 percent. The de- 
sign of the power stage consequently should include 
the feedback resistor as part of the yoke resistance. 

In addition to the negative feedback, the circuit of 
Fig. 17 differs from the simple circuit of Fig. 5 by the 
use of a-c coupling. The sweep capacitor is coupled to 
driver stage by means of C, and the driver to the 
output by C>. The first of these capacitors was found 
necessary to prevent a stable lockout of the first stage 
which occurred if the system did not regenerate upon 
closing of the diode. In this condition the driver stage 
is on hard and its collector is saturated, reducing loop 
gain to near zero. The second capacitor, Cz, was added 
to provide independent choice of the driver operating 
point for best linearity. It might be possible to elim- 
inate this latter capacitor by stabilizing the combined 
transistor pair. 


Shaping 


Negative feedback does not reduce the nonlinearity 
inherent in the R-C charge circuit. For this reason, 
and to further reduce the over-all distortion, some 
shaping of the waveform applied to the base of the 
driver is provided by using positive feedback. As 
shown in the simplified circuit of Fig. 18, the output 
sawtooth is integrated by means of the sweep resist- 
ance and capacitance to provide a parabolic compo- 
nent of voltage across the sweep capacitor C,,,. This is 
added to the linear term due to the average potential 
at the lower end of the sweep resistance, Rs,, which 
is set by the divider Ry — Ry». Actually the waveform 
is exponential in character, the parabolic approxima- 
tion being valid only over a time interval less than the 
circuit time constant. This is easily satisfied in prac- 
tice. The relative amounts of parabola and ramp can 
be adjusted by varying the turns ratio of the positive 
feedback winding and the d-c level set by the divider. 


Driver Design Details 


The driver stage, since it has considerable d-c re- 
sitance in its collector circuit, does not pose a difficult 
problem with regard to thermal stabilization. That is, 
it cannot run away. However, there will be a change 
in collector current, and hence voltage, as the trans- 
istor heats up and the desigu must insure sufficient 
voltage aperture at all operating temperatures and 
values of battery voltage. 

The effective bias circuit and design equations are 
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shown in Fig. 19. The quiescent collector current is; 
chosen large enough to handle the required collector : 
current swing and not so large that it forces operation 
in the region where current gain has fallen off appre- 
ciably. For this design and for the types of transistors ; 
considered, i.e., T.I. 2N366 and Sylvania 2N214, a 
value of 4 milliamperes is chosen. Thermal resistance, 
K, is 250°C/W and room temperature leakage current ; 
is 10 microamperes. 
At low values of quiescent collector voltage the : 
stability factor is seen from the relation 
Sr = 4° (g-1) +1 

E 
to be very good. However, the collector resistance is } 
larger when V, is smaller. The first of these results ; 
leads to a small change in collector current with tem- - 
perature and the second means that the effect on 
collector voltage is increased. Thus we have opposing 
factors and the extent must be qualitatively deter- - 
mined in order to select the proper quiescent collector ° 
voltage. Since we are interested in the change in col- - 
lector voltage, we can use the relation 


A Vex Sr BR. Taft, 


Actually Rz || R, should be used in place of R,, but : 
the error is small. The temperature T; is given by 


T, 27, eK 


where T, = ambient temperature = 50°C 


K =thermal resistance = 250°C/W > 


From the relations in Fig. 19, the product S;R, has 
been plotted in Fig. 20A as a function of the collector 
voltage. I,,/T, is calculated and included in Fig. 20B 
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Fig. 16— Driver input waveform. 
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) to give the shift in collector voltage. Finally, by sub- 
tracting the shift from the “cold” quiescent voltage, 
that is, the collector voltage when the junction is at 
‘room temperature, the minimum collector aperture is 
obtained. This is shown in Fig. 20C. The method used 
} thus far assumes that the junction equilibrium tem- 
; perature will be near T,, a fair assumption. 

From Fig. 20C it is seen that if at least 3 volts of 
_ aperture is necessary, then the cold quiescent collec- 
tor voltage must be at least one-half of the battery 
voltage. Therefore, V, > 6 volts. Three volts aperture 
is sufficient to handle the collector and emitter voltage 
swings plus a volt decrease in the battery supply 
voltage. 

It is desirable not to go much above 6 volts for two 
reasons. First, the value of R, is decreasing and loss 
of signal gain will be suffered when R, approaches the 
input resistance of the driver. Second, the equilibrium 
junction temperature will be higher as V, approaches 
the battery voltage. The calculation of the equilibri- 


Fig. 17 — Vertical deflection circuit with negative feed- 
back and a-c coupling. 


FEEDBACK WINDING 
ON "CHOKE 


SWEEP VOLTAGE 
WAVEFORM. coy 
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Fig. 18 — Simplified schematic showing positive feedback 
shaping during sweep time. 


um temperatures for the various designs involves con- 
siderable familiarity with the material on Transistor 
_ Thermal Stability!’ and some extensions of that work. 
It will not be presented here. The results are such 
that with a 50°C ambient this stage will stabilize at a 
junction temperature below 85°C if the collector-to- 
battery voltage ratio is less than 0.8. Hence, from this 
and the curve in Fig. 20C the design should be for 


0.5 < (V./E) < 0.8 


A value of 0.6 is chosen with a corresponding collector 
resistance of R, — 1.2 kilohms and a base resistance, 
R,z of about 90 kilohms. 


VI. Final Circuit 


The results of the development described in the pre- 
ceding sections are shown in Fig. 21. The choke, L, 


SEMICONDUCTOR PRODUCTS e AUGUST 1959 


Ic = 4mwa AT ROOM TEMPERATURE 
—__ 


INPUT IMPEDANCE TO 
OUTPUT STAGE 
Rj (Re 


= VC (g_ 
S1+F (6 1)+ 1 


Fig. 19 — Driver circuit and design equations. 
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Fig. 20 — Maximum variation in collector voltage and 
aperture, 


and capacitor, C,, form an LC filter to keep noise 
from other sections of a TV receiver out of the verti- 
cal. The positive feedback winding connected to the 
sweep resistor, R;, is returned to an adjustable d-c 
level through potentiometer R. which serves as a 
linearity control by proportioning the amount of 
linear ramp to parabola developed at the sweep 
capacitor, Cy. Potentiometer, R;, is used to control the 
charging time constant and hence the frequency of 
oscillation. Re and R; interact, hence they must be 
simultaneously adjusted. Resistor Rs in series with 
the sweep capacitor, C2, increases the high frequency 
closed loop gain improving the retrace operation and 
ease of triggering. Condensers C, and C; are coupling 
capacitors. R; serves to steer the negative sync pulse 
to the base of the driver where it is amplified and 
then, via the output stage and feedback network (C3, 
R,, Rs), returns to the left side of the crystal diode 
to close the loop. Ry controls the amount that the 
sweep capacitor is discharged during retrace time, and 
in this way controls sweep amplitude. Cx is a blocking 
condenser to keep any off-centering average current 
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Fig. 21 — Complete schematic. 


out of the yoke. The varistor across the yoke clamps 
the flyback pulse preventing damage to the output 
transistor. During the sweep period, when its resist- 
ance is higher, it presents a minimum of extra load on 
the output stage. Ris is a damping resistance also. R,; 
and Ri. form an adjustable bias divider to accommo- 
date different output transistors. The transformer is 
wound on a 7/8-inch core of the type used in the 
vertical output transformer of black and white re- 
ceivers. N, has 840 turns of #24 SF tapped at 280 
turns. The feedback winding, No, is 280 turns of 
#36 SF, and the vertical blanking winding, Ns, is 
2500 turns of #40. The resistance of the primary is 8 
ohms. A 6 mil air gap is used and the measured 
primary inductance is 0.93 hy with 250 ma d-c in the 
winding. 

Performance 


Circuits, triggered with negative syne as shown, 
have pulled in from 10 c.p.s. Positive syne applied to 
the base of the output stage has not been as effective, 
pulling in from 48 e.p.s. The problem of using posi- 
tive syne has not been explored to any great extent. 
One possible alternative is to use a p-n-p driver stage 
driven from a positive going voltage. A positive pulse 
at the base of this driver might produce results similar 
to those obtained in the present circuit. 

Up to 400 milliamperes of acceptably linear sweep 
has been obtained with a supply of 12 volts at about 
one-fourth ampere. 


Acknowledgment 


The contributions of Mr. C. 1. Wood, Jr., are 
acknowledged, particularly in connection with experi- 
mental work and the negative feedback. 


30 


Appendix A 


Relation Between A-C and D-C : 
Load Resistance in Output Stage 


In Fig. 8, which shows the d-c and a-c load lines for the output 4 


stage, 
P. = power dissipated in yoke 


by 
c 
Il 


a-c resistance (yoke resistance) 


Rac = total d-c resistance, i.e., Rc + Rg of Fig. 7 


Since the transistor and the yoke dissipate 3P,, the 


quiescent * 
point must be on the corresponding hyperbola, therefore 


EX Toe = 3h (yt 


where £ is the quiescent collector to emitter voltage and J, is the : 
quiescent collector current. Then with E,. the battery voltage 


E = Eee — Tay - Rac - (2) | 
Combining (1) and (2): 
3P. ‘09 (Bee - Tee Rac) Lar 
1 Ecce ; 1 Free” 3P, 
or Le ge 2 (3) 
2 Rael Nie ea ae 
The a-c load line will have a slope 
Eee = Tas Rae Ecc | 
Ry = ce = ie Rac (4) | 
Combining (3) and (4) yields: 
| 1 +4/1 sella | 
Ry = Rac == S | (5) 
= _ 12 P, Ra, 
E.<3 
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Appendix B Appendix C 


Input Power Dependence of Choke Inductance 


The power dissipated in the yoke at full scan is on Choke and Yoke Resistance 


In order to avoid saturation, a fixed maximum flux ¢ is chosen- 
Then the choke inductance will be proportional to the number of 
turns divided by the average current. Static rather than incremental 
values of flux and current are used on the assumption that enough 


1 
Po=—I1,7R 
3 y 


| The power supplied by the battery is 


Pig & Bock. air gap must be used to linearize the reactor, that is, the incre- 
‘Combining these, mental and static permeabilities are nearly equal. Thus 

{ 3P 

{ Pin = Ee J N- 

Ry Le ec —— 


Taw 


Using the relation between R, and Ry. derived in Berens A, 


or | : where L, and N, are choke inductance and turns respectively. 
| -—- Since the power into the yoke is constant in this invariant time 
i 


12 P, Rac constant design 


) eS : 

— ] 
= oy Po 0 Ra Tan” Si 
{ 


es ; Ry 


and, finally, inserting Py = Eo.2/4 Rac From the assumption of constant choke window area it follows that 


Pa = J Po 1-V1 — 8P,/P, R.* NN 
3P, Bho 1b V1 — 3P,/P, Hence L.-*& VR. Ry 
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Transition Capacitance Of P-N Junctions” 


R. L. PRITCHARD** 


The capacitance-voltage relation is calculated theoretically for three types of one- 
2 dimensional impurity distributions which are intermediate between that of an abrupt 
and a uniformly graded junction. These theoretical distributions, which approximate 
the type of impurity distribution obtained in a grown or diffused junction, are termed 
the hyperbolic, exponential, and graded-abrupt. For small values of applied voltage, 
each distribution resembles a uniformly graded junction, in which the capacitance is 
inversely proportional to the cube root of voltage, whereas for larger voltages, the space- 
charge layer extends almost entirely into the uniform conductivity region, and the 
capacitance becomes proportional to the square root of voltage. In the intermediate 
range of voltages, however, it turns out that for each of the three distributions studied, 
the capacitance remains very nearly proportional to the cube root of voltage, even when 
the latter is such that the space-charge-layer extends well into the non-uniformly graded 
portion of the distribution. As a result, it is emphasized that if a cube-root voltage 
relation is measured for a p-n junction, it cannot be assumed that the junction is simply 
uniformly graded. Also included are calculations of the space-charge-layer widening 
factor, which is important for characterizing certain electrical parameters of a transistor. 


[Tear sheets of this article are available on written request] 


and silicon, e.g., an alloy, or fused, junction generally 
region of a p-n junction is a function of the volt- behaves somewhat like an abrupt junction,@! ©! 
age applied to the junction (including the in- 
ternal contact potential). For abrupt, or step, type 
junctions the capacitance varies inversely as the 
square root of the voltage, whereas for a uniformly 
graded junction, the capacitance is inversely propor- 
tional to the cube root of the voltage.) 
These relations have been verified experimentally 


for many types of p-n junctions in both germanium 


TT CAPACITANCE associated with the transition 


*The material described here was originally prepared at the 
General Electric Research Laboratory in 1956, and was in- 
cluded in a paper “Small-Signal Parameters of Junction 
Transistors Having Non-Uniform Base Resistivity,” presented 
at the AIEE-IRE Semiconductor Devices Research Conference 
at Purdue University, Lafayette, Indiana, 25 June 1956. It 
has been brought up to date in this presentation. 


**Texas Instruments, Inc., Dallas, Texas. 
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whereas most grown junctions generally are con- 
sidered to be of the uniformly graded type.!*! 

However, if an inverse-cube-root capacitance-volt- 
age relation is observed experimentally for a p-n 
junction, it is not necessarily true that the junction is 
uniformly graded. Results of theoretical calculations 
described below indicate that the capacitance-voltage 
relation is not a very sensitive measure of the im- 
purity distribution through the p-n junction. In par- 
ticular, the impurity distribution may depart quite 
significantly, (e.g., several hundred percent) from 
the uniformly-graded type before the capacitance- 
voltage relation departs appreciably (e.g., 5-10 per- 
cent) from the cube-root relation. 

Calculations are carried out for impurity distribu- 
tions between semiconductor regions of opposite con- 
ductivity type, such as might occur in grown or dif- 
fused junctions. The type of impurity distribution 
that exists in an alloy or metal-semiconductor junc- 
tion to a semiconductor wafer, i.e., an abrupt transi- 
tion between a region of very high conductivity and 
a region of lower conductivity and opposite type, has 
been discussed by Giacoletto!®!, and will not be con- 
sidered here. 


Capacitance-Voltage Relation 


In the classical calculation for the capacitance- 
voltage relation, Poisson’s equation in one-dimension 
is solved for a voltage-distance relation corresponding 
to a fixed spatial distribution of impurity charge- 
density.©1 [1 Such a calculation neglects the concen- 
tration of free electrons and holes in the depletion- 
layer region. In most practical cases, this is a good 
approximation.) !*! The limits of the junction are de- 
fined as the two points at which the electric field is 
zero. Then, the distance x,, between these two points 
is related to the voltage difference between the points, 
and capacitance is calculated from the classical equa- 
tion: 


c= Sae 
Lm 


(1) 


with z,, as a function of junction voltage. In this equa- 
tion S is the cross-section area of the junction, €, is the 
premittivity of free space, and ¢, is the relative dielec- 
tric constant of the semiconductor material. The dis- 
tance x, generally is termed the depletion-layer 
width. 

In practical structures which include regions of 
uniform impurity concentration, i.e., of uniform con- 
ductivity, a p-n transition is likely to be intermediate 
between the abrupt and uniformly graded type. The 
latter two types are shown in Figs. la and Ib, re- 
spectively, while the intermediate transition is shown 
in Fig. Ic. For small depletion-layer width, (small 
applied voltage) the depletion layer lies in a region 
of linearly varying concentration, as shown by the 
shaded region in Fig. Ic, and the junction behaves 
like a uniformly graded junction. However, as the 
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Fig. 1—Impurity distributions for different types of p-r 
transitions. (a) Abrupt, or step, (b) Uniformly graded 


(c) Intermediate, with uniform concentration on one side. 


ov 
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(c) EXPONENTIAL 


Fig. 2—Impurity distributions for three types of inter- - 
mediate p-n transistions in terms of normalized coordi- - 
nate system. (a) Graded-abrupt (b) Hyperbolic (c) | 


Exponential. 


width of the depletion layer is increased, by increas- 
ing applied voltage, proportionately more of the layer » 
must move into the region of constant concentration » 
in order that the total charge be equal on each side | 
of the transition region. Ultimately, the depletion | 


layer is confined almost completely to the constant- 
concentration side of the junction, i.e., the right side 
of Fig. 1, and the junction behaves like an abrupt 
junction. 


Non-Uniformly Graded Impurity Distribution 


Three types of intermediate impurity distribution 
were analyzed, each of which is characterized by a 
variable concentration on one side and a limiting 
constant concentration on the other.!"] These distri- 
butions are shown in Fig. 2 and are defined mathe- 
matically below. To facilitate comparison, a nor- 
malized coordinate system is employed in which the 
ordinate is N/No, and the abscissa is E = x/x», where 
No is the value of the uniform concentration, and 2x» 
is a characteristic distance, e.g., the point at which 
the graded junction changes to abrupt in Fig. 2a. 


The types are: 


(Stee 
(a) Graded abrupt (Fig. 2a), N(&)/No = 4 (1) 

tite 
(b) Hyperbolic (Fig. 2b),  N(%)/No= ee (2) 


(c) Exponential (Fig. 2c), N(&)/No = (e*—1) 
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N (x) N (x) 
> * 
No i 


(3). 


Note that in each of the three cases, for small values 
of normalized distance (&«1), the impurity distribu- 
tion N(x) is essentially equal to — (Nox/2 ), which 
corresponds to a uniform impurity gradient of 
i= (No/xo). On the other hand, for large values of &, 
‘the impurity distribution in each case approaches 
LN y. 

Appropriate solutions to Poisson’s equation for each 
‘of these three cases are given in the Appendix. Al- 
though the results are quite simple in form, un- 
fortunately in each case the applied voltage is re- 
lated implicitly to the depletion-layer width, and a 
simple capacitance-voltage relation does not exist, as 
‘in the case of a uniformly graded, or abrupt, junction. 
‘However, numerical calculations can be carried out 
‘a easily, and the results can be displayed graphi- 


‘eally, as shown by the curves in Figs. 3, 4, and 5. In 
these curves the normalized depletion layer width £,, 
vis presented as a function of normalized voltage 
V./V»o, where the normalizing voltage is defined as 
| 


| Vo = (N oxo? Qe/ €o Er) (4) 


and where q- is the electronic charge (1.6 x 10-!® cb.). 
‘In each case, the upper dashed curve indicates the 
corresponding relation for the uniformly graded junc- 
tion having the same gradient of — (No/x»). 
Also shown in each figure are the normalized dis- 
tances £, and £p, defined as the relative penetration of 
the depletion layer into the aniform-concentration 
_and variable-concentration sides of the junction re- 
spectively, together with the dotted curve represent- 
ing —£, = £ for the corresponding uniformly graded 
junction. For small values of normalized voltage, 
(V./Vo), &: and €2 are each equal to half the nor- 
malized depletion-layer width —,,, but as the voltage is 
increased and the depletion-layer penetrates more 
deeply into the uniform-concentration side of the 
junction, —, becomes increasingly larger than E>. Note, 
however, that the relation between junction voltage 
-V, and depletion-layer width £,, remains essentially 
the same as in a corresponding uniformly graded- 
junction, even though the junction has become con- 
siderably unsymmetrical as indicated by the differ- 
ence between £,; and £». It should be emphasized that 
in applying these curves to practical cases, the voltage 
V,. refers to the total junction voltage, which is equal 
to applied voltage plus the internal contact potential 
(generally of the order of a few tenths of a volt, e.g., 
0.3 — 0.5 volts for germanium). |! [61 [7] 


Example 


The theory presented above may be illustrated by 
referring to the exponential distribution of type (c) 
above. This particular distribution is a reasonably 
good approximation for the impurity distribution 
through a p-n junction that has been fabricated by 
the solid-state diffusion technique.!*! For example, 
consider a junction formed by diffusing an impurity 
having a surface concentration of 10'% atoms/cm? 
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Fig. 3—Relative junction width (inversely proportional 
to junction capacitance per unit area) as a function of 
relative junction voltage for graded-abrupt distribution, 
showing relative penetration into each side of junction. 


10 


HYPERBOLIC 
DISTRIBUTION 


RELATIVE JUNCTION WIOTH €m= Xm/Xo 


L 
Ol og al ) 0 a9 
RELATIVE JUNCTION VOLTAGE (¥./V,) 


Fig. 4—Relative junction width (inversely proportional 
to junction capacitance per unit area) as a function of 
relative junction voltage for hyperbolic distribution, 
showing relative penetration into each side of junction. 
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Fig. 5—Relative junction width (inversely proportional 
to junction capacitance per unit area) as a function of 
relative junction voltage for exponential distribution, 
showing relative penetration into each side of junction. 


into a semiconductor wafer with an initial impurity 
concentration of 3 & 10 atoms/cm? (e.g., 2 ohm-cm 
n-type silicon). If the diffusion length for the im- 
purity in the wafer is 15 10+ cm, then the p-n 
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transition will occur at a distance of 6.3 « 10-* cm 
from the surface. 

Although the impurity distribution between the 
surface and the p-n transition is described mathe- 
matically by an error function, in the vicinity of the 
p-n transition, the error function can be approximated 
fairly well by an exponential function, such that 


N(x) = 3 X 10% {e-1-5* 10% — 1} x > —1.5 X 104cm 


where x is measured in cm from the center of the p-n 
transition. Hence, the constants No and x» in Eq. (3) 
above are 3 & 10 cm- and 0.67 « 10+ cm, respec- 
tively, and from Eq. (4) with ¢, = 12 for silicon, 
Vo = 2 volts. Then Fig. 5 can be used to evaluate 
the boundaries of the p-n junction as a function of ap- 
plied voltage V.. For example, for an applied voltage 
of 50v, (V./Vo) = 25, and Fig. 5 indicates that —£; = 
6, E2 = 2.2; hence, the depletion layer penetrates 4 
10+ cm into the high-resistivity side (parent ma- 
terial) of the junction, and only 1.4 « 10-* em into 
the lower-resistivity (diffused) part of the wafer. 


Space-Charge-Layer Widening Factor 


In applying these results to the collector junction of a 
transistor, another quantity of interest is the space- 
charge-layer widening factor,!*] i.e., the rate of pene- 
tration with voltage of the depletion layer into the 
base region. Depending upon type of transistor struc- 
ture, either the variable, or uniform, concentration 
side of the junction could be used as the collector. 
For example, a diffused-base structure might be rep- 
resented by the impurity distribution shown in Fig. 
2c, with the uniform-concentration side as the collec- 
tor, whereas a rate-grown structure might be approxi- 
mated by the distribution shown in Fig. 2a with the 
uniform-concentration side acting as the base region. 

In any case the space-charge-layer widening factor, 
(dx,/dV,) or (dx2/dV,), can be calculated quite 
simply from the equations given in the Appendix. As 
an example, Fig. 6 shows the variation of the nor- 
malized space-charge-layer widening factor Vp, 
(d§2/dV,) with normalized voltage (V./Vo), for pene- 
tration into the variable concentration region of the 
exponential impurity distribution of Fig. 2c. Note the 
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Fig. 6—Normalized space-charge layer widening factor - 
as a function of relative junction voltage for exponen- - 
tial impurity distribution. 


more rapid departure of the space-charge-layer ° 
widening factor from that of the uniformly-graded | 
junction (dotted curve) as the depletion layer becomes | 
increasingly unsymmetrical with increasing voltage. | 
This variation is in contrast with that of the capaci- 
tance with voltage, which does not show any appre-— 
ciable departure from the uniformly-graded behavior | 
until the junction has become extremely unsym- ; 
metrical. Also shown in Fig. 6 for comparison, is the : 
dimensionless ratio (E,/V.) (dV,/d&.) for both the . 
exponential and uniformly graded junctions. For the — 
uniformly-graded junction this ratio is 6, as shown by 
the horizontal dotted curve in Fig. 6, whereas for an 
abrupt junction, with penetration into the lower con- 
ductivity region the ratio"! is 2. The larger this ratio 
relative to 6 the smaller the penetration relative to 
that of a uniformly-graded junction. 
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APPENDIX 


By employing the normalized coordinate system of Fig. 2 of the 
text, Poisson’s equation may be written in the form 


ay N(é) 
— V - 
7 *y, (A-1) 
where Ve» = (Noto? qe/eo €;). (A-2) 


By substituting the appropriate forms of NV (é)/No in Eq. (A-1) and 
integrating twice with respect to £ an expression is obtained for 
V(é) with two arbitrary constants. The constant arising from the 
first integration is evaluated by specifying that the electric field 
(dV /dé) shall vanish at two values of £, £, and —&s, (where £ and 
£2 are positive numbers). The second constant, representing the 
zero of potential, arbitrarily may be set equal to zero, since only 
potential difference is of interest in the final results. Then the 
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difference in potential between f: and —£, representing the 
junction voltage V,, is related to the normalized depletion-layer 
This process will be illustrated for the hyperbolic distribution 
of Fig. 2b of the text, and corresponding equations simply will be | 
quoted for the exponential distribution of Fig. 2c. In the case of 
the graded-abrupt distribution of Fig. 2a, two separate solutions 
to Eq. (A-1 ), one valid for <1 and the other for ~>1, are matched 
pAb continuity of both electric field and of potential 
at = 1. 
Hyperbolic Distribution 


_ Substituting N(é)/No = —[é/(1 + £)] from Eq. (2) of the text, 
in Kq. (A-1) and integrating once yields 

dV 

oN = Velé—In(1 +) —B, (A-3) 
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where B is the first constant of integration. Integrating again and 
| setting the second constant of integration equal to zero, 


 ~V(é) = Vo {(#/2) + (1 +4) 1 —In(1 + )] — Be}. (A-4) 
| Imposing the boundary conditions on (dV /dé) yields 
| B = [& — In (1 + &)] = [—& — In (1 — &)], (A-5) 


(which provides a relation between & and —£, and also relates B 
| to either £, or £ for use in Eq. (A-4). The potential difference V, 


| between & and —£ can be calculated from Eq. (A-4), evaluated 
Fonce at £1 and once at —é£2: 


V. = [V(—£2) —V(é:)] = Vo { (E22 — &7)/2 + (B—1)- (& + 2) 
. +(1 + &)-In (1 + &)— (1 — &)-In (1 — &)} 


Alternatively, by first introducing B from Eq. (A-5) into (A-4) 
' when evaluating V(£) and V(£2) separately, a very much simpler 
‘form can be obtained for V,: 


V(é1) Voll + B — (&:?/2)) 
V(—£2) = Voll + B — (&?/2)) 

Ve = (Vo/2) [&:* — &"] 
; Finally, the normalized depletion-layer width is simply 
: Em = (£1 + £2) 


| Thus, V- is related to £», through Eqs. (A-5), (A-6), and (A-7). 

_ As a numerical example, let = 0.9; then Eq. (A-5) indicates 
' that B = 1.4. Solving the second part of Eq. (A-5) for £ (by 
f trial-and-error or by graphical means) yields £ = 2.71. Sub- 
, Stituting these results in Eqs. (A-6) and (A-7) then yields 


Vs = 3.26 Vo 
for See 


b and 
(A-6) 


| Exponential Distribution 
The corresponding equations for the exponential distribution 
defined by Eq. (3) of the text are: 


Graded-Abrupt Distribution 
For the graded-abrupt distribution, assuming always that € > 1 
ie., that the depletion layer extends at least partially into the 
uniform-concentration region, the corresponding equations are: 
ged E<1 


—————— a 


dV dV 


de Vo(é — Bi) de ((g?/2) — Ba)] (A-13) 


V(E) = Vol(@/2)—Bié+Ci] — V(€) = [(#/6) -B2—+C2] (A-14) 


By, =&>1 B, = (#/2) (A-15) 
Equating the two solutions for (dV /dé) and V(é) respectively, 
at — = 1 yields 


&o? = (2 — 1), # 2 1 (A-16) 


and 


(fof seo ee ; = (1/6) (A-17) 


Then, 
Ve = (V(—&2) — V(E:)] =Vo { (1/3) E23 +(1/2)E:2+(1/6)} (A-18) 


and 
tm = (&1 + £2) (A-19) 
Space-Charge-Layer Widening Factor 
Depending upon which direction of depletion-layer penetration 
is of interest, the junction potential V, may be differentiated with 
respect to either £: or £2, noting that £2 also is a function of & 
(or vice versa). For example, consider the case of the exponential 
distribution with penetration into the region of variable concen- 
tration. In Eq. (A-11), V, is expressed as a function of £1, £2, and B 
with the latter further related to £: and & through Eqs. (A-10)’ 


Differentiation of Eq. (A-11) with respect to & yields 


dV. 


dé, 1 
3 a ee ere eee 
dé a { < | [ 2 - ; ] 


dV 
ao ime Ay fet} E—B] (A-8) 
Hs 42Gb eee (A-20) 
abemaey LT ts ha 2 ; 
Vit) =V RV t= P A-9 
(2) ie) —* é] Sig The two derivatives appearing in this equation may be evaluated 
from Eq. (A-10 
: B = (& + 4) = (é2 — &2) (A-10) a. ( 
dB d. f2 — J 
‘ 7 = (é2 — 1); = = — » 5 
Vem Votes +¥)-| B—1) 5 (| (A-11) " pt Soe h 
and these results together with Eqs. (A-10) and (A-11) may be 
substituted back in (A-20) to yield finally: 
Em = (1 + &2) (A-12) 
; ; dVe _ yy Sf Ve/Vo) “fa 9 
In this case B also appears in the final result for V., but the arn Vo yea esa (ft '1) da ~ 
numerical procedure is quite similar to that described above. age ast 2 PI A ae 
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An Electronic Model of a Nerve Cell 


L. D. HARMON* and R. M. WOLFE* 


An electronic model is described which simulates many of the gross operational functions 
of living nerve cells. The properties of temporal and spatial summation, variable threshold 
and refractory period, inhibition, and all-or-none output are included. A four-transistor 
circuit comprising a monostable multivibrator, amplifier, and emitter-follower is used to 
simulate these neural functions. An analysis of the circuit and its operation is presented. 
This circuit can be viewed as an analog computer which generates a set of input-output 
functions similar to those of the neuron. As such, these models can be used to investigate 
modes of organization and information flow which may possibly exist in biological systems. 


[Tear sheets of this article are available on written request] 


HE NERVE CELL or neuron is the basic building- 

block of the nervous system. As such it is ulti- 

mately responsible for the incredibly complex 
behavior of the brain—for intelligence, learning, and 
imagination. Typically occupying a volume of 107 
ec. and consuming about a billionth of a watt, each of 
these elements has logical properties similar to those 
of computer elements. In combination these neurons 
produce systems which utilize frequency, amplitude, 
and pulse interval modulation. In the central nervous 
system there appear to be frequency and phase de- 
tectors, time delays, resonant loops, coincidence gates 
and the like. It is these properties, giving rise to “in- 
telligent” processing of information, that we wish to 
model and to study. 

Although the complete transmission characteristics 
of the living neuron are not fully known, many gross 
behavioral parameters are reasonably well under- 
stood.“1 Because of this incomplete state of our 
knowledge of neurophysiology and neuroanatomy, 
simulation of nerve cells with models can at best be 
only vague and approximate. Nevertheless, the crea- 
tion and use of models based on the known functions 
may help to further our understanding and hence 
provide a useful research tool. Studies have been 
made using chemical models@!, electronic cir- 
cuits], [1], and computer simulation.!! The present 
model, a transistorized printed circuit, is more com- 
plete and flexible than its predecessors. 


Neural Properties to be Simulated 


The biological nerve cell is an electro-chemical de- 
vice, utilizing ionic flows in semi-permeable proto- 
plasmic membranes to produce and propagate cur- 
rents. These currents are the neural signals which 
travel along discrete pathways in the cell at rates of 
from one to over one hundred meters a second. It is 
the set of input-output signal relationships of this 
nerve cell that we wish to simulate, replacing the 
chemical system with an electronic one. If the infor- 
mation processing parameters are accurately known 
and preserved, we may hope to retain logical and 
functional equivalence in the model. 

In the simplest terms a neuron may be considered 
to be an electro-chemical black box, essentially a 


*Bell Telephone Laboratories, Murray Hill, N. J. 
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binary-output transducer, having two kinds of input 
and one output. It is binary only in the sense that for 
a given internal state and set of input conditions, it 
either fires (transmits an output signal) or it does 
not. It is a transducer in the sense that, independent 
of the nature of the input signal (it may be electrical 
or chemical for instance) a unique standardized elec- 
trical output is produced if any output occurs at all. 
The two types of input are excitatory and inhibitory. 
Of course, there need not be only two input connec- 
tions or only one output connection to any one cell; 
usually there are many transmission paths to and 
from each neuron. Because of complex interacting 
properties internal to the element, it cannot be 
thought of as a simple binary switch. It is in fact these 
very properties which give rise to the complicated 
behavior we wish ultimately to understand. 
The gross input-output properties of a neuron, 
greatly simplified, are described below. These are 
the functions incorporated in the electronic model. 
I. Input 
A. Excitation: Certain input connections to a 
neuron will, if sufficiently energized, always 
fire the neuron if certain conditions are met. 

These conditions are as follows: 

1. Threshold—A neuron may be fired if the 
triggering energy supplied to it exceeds a 
certain threshold value within a time limit. 
There are input pulses which have insuffi- 
cient amplitude to cause firing no matter 
how long they last. This amplitude threshold 
is variable, being a function of the previous 
history of firing of the neuron, and is typi- 
cally on the order of a few tens of millivolts. 

2. Refractory Period—Immediately after firing, 
a neuron’s threshold rises effectively to in- 
finity and for a period of a few milliseconds, 
no available input signal can fire the neuron 
again. This absolutely refractory period is 
followed by a relatively refractory phase. 
During this second phase an exponentially 
decreasing threshold is observed, approach- 
ing the pre-firing threshold and reaching it 
after a few tens of milliseconds. 

3. Summation—Two or more input pulses, each 
of insufficient energy to excite a neuron can 
be integrated by the cell so that firing occurs. 
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To be successful this summation must occur 
within a maximum time, typically on the 
order of a millisecond or so. Since these in- 
puts may arrive via different pathways, there 
can be both spatial and temporal summation. 
B. Inhibition: Certain input connections other 
than excitatory ones can, while energized, in- 
hibit firing of the neuron. 
Ii. Output 

The output of a neuron is “all-or-none”. If firing 
occurs, then a pulse of standard amplitude and dura- 
tion is produced. There are exceptions, but as a first 
approximation we may consider the energy per out- 
put pulse to remain constant. 

An interconnection between two neurons occurs at 
a junction which is called a synapse. These synaptic 
connections are thought to be variable as a function 
of time and use, the probability of transmission be- 
tween two neurons being increased with use and dim- 
inished with disuse. However, this property has not 
yet been proved to exist, and is not included in the 
present model. A synaptic connection is known to be 
unilateral, allowing transmission in only one direc- 
tion, contrary to the behavior of the neural fiber 
proper which will propagate an applied pulse bilater- 
ally. This one-way propagation between neurons is 
assured in the electronic model simply by the asym- 
metrical nature of the active electronic elements. 

The input and output parameters described above 
can be easily visualized by referring to Fig. 1. The 
model can be represented as a four-terminal device as 
indicated. Suppose that the input signal, E(t), is first 
passed through an imperfect integrator, i.e., one hav- 
ing a finite time-constant. This can be realized with a 
low-pass R-C circuit. Let V(t), the integrated volt- 
age, be added to —W(t) which is an output derived* 
voltage having some standby value, Wy. U(t), the 
sum of these two voltages may then be thought of as 
the internal threshold of the model. We may assign 
some arbitrary value to this function, (say U (t) =0), 
which is necessary and sufficient to cause firing and a 
consequent output pulse, O(t). 

The external threshold of the device is then meas- 
ured by that value of input as a function of time, 
E(t), which is required to cause U(t) to fall below 
zero. There is dependence here both on amplitude 
and duration, i.e., energy; also as in the physiological 
nerve, both a minimum time and a minimum level are 
required for firing. Suppose that the integration time- 
constant is t and the input pulse is of length T. The 
following relationships will hold: 


V naz = Emaz (1 —e-T"r) 


or 1 Df os 


thus for firing, (1) 


*The feedback function of Fig. 1, generating W(t) is a linear 
operator applied to O(t). 
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Fig. 1—Simplified neuron model. 
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Fig. 2—Input-Output relationships. 


The condition |Ena2| = |Wo| is always necessary 
for firing, irrespective of integrator time-constant or 
pulse-length. It can be seen from Eq. (1) that the fol- 
lowing approximate relations also hold: 


Past wet [Ne ae 

/ Beas Re (r/T) / WwW | T' ae 

Enaz| iS [W]e atta, 
0.632 


The phenomenon of summation can be shown to 
occur if two pulses of |Eyax| < |Wo| occur close 
enough together in time. The necessary and sufficient 
condition here is that the interval between two sub- 
threshold pulses be short enough (given E»,~,, T, and 
the integrator characteristics) so that V (t) has not 
decayed to less than W (t) | — V (t)max at the onset 
of the second pulse. Thus the second pulse will pro- 
duce 


Vit) >[| WO! —|VO)maz| +|V()maz|] > |W 
and firing occurs. 

These relationships are schematized in Fig. 2. The 
first input pulse is of insufficient amplitude-duration 
to cause an output pulse. However E:(t) is capable 
of bringing U (t) below zero, and after a firing delay, 
produces a unique output pulse, O(t). Consequently 
W (t) causes a short refractory period followed by an 
exponential decay toward resting threshold Wp. 

Pulses #3 and #4 are each too small to cause firing, 


(2) 
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Fig. 3—Model neuron circuit 


but in conjunction are able to summate and thus pro- 
duce an output pulse. 


The Artificial Neuron 


Any proposed model of a neuron must possess most 
of the above properties in order to be useful in studies 
of nerve nets. Since investigation of such networks 
involves large numbers of neurons, the model must 
ideally be small in size, low in cost, and low in power 
consumption. These considerations lead to the use of 
transistors as the active elements. The circuit to be 
described is designed around a modification of a con- 
ventional emitter-coupled monostable multivibrator. 
An output amplifier is provided to prevent load vari- 
ations from affecting the operation of the multivi- 
brator and to alloy the circuit to drive a number of 
similar circuits. 

A schematic diagram of the artificial neuron is 
given in Fig. 3. Transistors T, and T. form the 
emitter-coupled monstable multivibrator, T; ampli- 
fies and inverts, and T, is an emitter-follower to pro- 
vide a low impedance output. At rest, T, is cut off, 
Tz and T, are in the active state, and T3 is in satura- 
tion. The emitters of T; and T» are at a potential W, 
which represents the quiescent threshold of the cir- 
cuit. Inputs are applied through resistances to the 
base of T, and are integrated by the action of capaci- 
tor C;. If we call the voltage on the base of T,, V(t), 
then U(t) representing the base to emitter voltage of 
transistor T, will be V(t) — W(t). A negative-going 
pulse applied to the input will cause V(t) to go nega- 
tive and hence U (t) to approach zero. When U (t) be- 
comes negative, transistor T, turns on and the firing 
action is initiated. 

Transistor T; turning on causes its collector voltage 
to suddenly change in a positive direction. Since a 
sudden change cannot take place in the voltage across 
capacitor C the positive change is coupled to the base 
of transistor Ts, turning T, off. The current through 
Rz that was flowing through Ts is now diverted 
through T, and holds T; on during the pulse. 

Capacitor C now starts to discharge so that the 
base voltage of T2 decreases exponentially toward 


Ra 
= a 
Rath, 


where V is the magnitude of the negative 
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supply. The emitters are near ground potential be- 
cause T, is on. When the base voltage of T2 goes 
slightly negative, T2 turns on and T, turns off. The 
time of discharge of C thus determines the width of the 
output pulse. 

The turnoff of T; causes a negative-going transient 
to be developed at the base of T:. Since T2 is now on 
and acting like an emitter-follower, the negative-going 
transient is coupled to the emitters and serves to in- 
crease the threshold of the circuit. 

The absolute refractory period of the circuit has — 
two components. One is measured by the duration of 
the output pulse; the other is that interval immedi- 
ately following, during which the largest input pos- 
sible in the system cannot fire the circuit. The relative 
refractory period is determined by the remainder of 
the negative transient appearing on the emitters. Its 
duration is a function of the recharging rate of C. 

Inhibition is accomplished by applying a negative 
pulse directly to the base of T: through resistor Ry. 
This pulse is applied to the emitters in the normal 
manner and its amplitude proportionally increases the 
threshold. The circuit returns to its resting state with 
the normal refractory time constant when the inhibi- 
tion signal is removed. 

Analytical expressions for the quiescent threshold, 
pulse width, refractory time constant and free-run- 
ning period are derived in the appendix. A general 
discussion of design considerations of the circuit, 
taking into account variation of transistor parameters, 
is also given. 


Summary and Conclusions 


Many of the gross functions believed to hold for 
living neurons have been approximated by an elec- 
tronic device. The 4-transistor model exhibits variable 
threshold, inhibition, summation, and all-or-none out- 
put. Roughly forty milliwatts are dissipated by the 4 
cubic inch device which can be built in quantity for 
less than $10. 

This circuit, actually an analog computer simulating 
the input-output functions of its biological counter- 
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Fig. 5—Equivalent circuit of transistor 


part, can be connected with others to form chains and 
nets. One unit will drive up to one hundred others 
without serious deterioration of output waveform or 
level. 

The artificial neuron can be used to give either 
single pulse outputs or variable frequency pulse 
trains, depending on the nature of the input. A typical 
d-c input vs. frequency-output characteristic is shown 
in Fig. 4. The former (single pulse) mode of opera- 
tion is useful for simulating functions of neurons 
which process neural pulses, i.e., network operation, 
while the latter mode of operation can be used to 
model peripheral or transducer functions. 

An example of this latter class of operations would 
be the simulation of such peripheral receptors as reti- 
nal elements. A suitable transducer such as a photo- 
resistive cell (e.g., CdSe) can be used to drive a model 
neuron, thus initiating pulse trains which can sub- 
sequently be processed by other units. 

The present model has an input integrating time- 
constant of 2 milliseconds and a refractory time-con- 
stant of about 4 milliseconds approximating corres- 
ponding values in the biological neuron. Quiescent 
threshold is from one to five volts (depending on the 
number of inputs connected) while the output pulse 
level is ten volts. These levels are many times greater 
than those found in nerve tissue (thresholds there are 
typically 5-10 mv and output spike potentials are 
approximately 50 mv) but the ratios between thresh- 
old and output levels are commensurate. These ratios 
in part determine input summation characteristics 
where several cell outputs combine. The output pulse 
duration is about 6 milliseconds, considerably greater 
than the action-spike duration in biological nerve, but 
can be shortened at will by a suitable differentiating 
network. 

These models are being used to study some of the 
possible modes of operation of simple structures in 
the retina and in the cochlea. It is hoped that such 
investigation will be useful in understanding or in 
predicting neurological behavior. Despite great diffi- 
culties that exist in drawing very rigorous analogies 
between the biological cell and its imitation, sufficient 
rough similarities exist to make systemic experimen- 
tation interesting. 


Appendix 


The equivalent circuit shown in Fig. 5 is used in 
deriving analytical expressions for the threshold, out- 
put pulse width, refractory time constant and free- 
running period. This model neglects the resistances 
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found in the usual representation of a transistor. The 
transistor is in the off state if both diodes are back 
biased, it is in the active state if the emitter diode is 
forward biased while the collector diode is back 
biased, and it is in the saturated state when both 
diodes are forward biased. Only transistors T; and T» 
and their associated components influence the factors 
for which expressions are to be derived. 


Quiescent State Calculations 

Proceeding with the calculation of the quiescent 
threshold, Wy, Fig. 6 shows the monopulse circuit with 
both transistors replaced by their equivalent circuits. 
Since T» is in the active state, the circuit has been 
further simplified by representing the emitter diode of 
Ts by a short circuit. Writing the nodal equations for 
this circuit, assuming zero input voltage, we get 


W EH WwW 
helgg balepeten es “ ee Tas 
ie. + Ino: = Ire 
Re 
Mae z + Xo = Ico. 
R, Rs 
Vo 


— + Ico: + Ira, ='0 


Solving, we get 


Re Reg 
(1 ae a2) Reg car R j 
Wo = : 
(— oo) Beg Rs 
(1 = Qo) Rz fee Icoz 
zt Ino — (3) 
(1 we a2) Tiga + Re Ke 1 — ae 
R; Riks 
Xj =-— - —— ] (4) 
oe bien eee 
Vo a ie R; (Icoit1xro1) (5) 
R3 R4 
where Reg = = : 
R3+ Rg 


If the circuit is to be stable in the quiescent state, Vo 
must be more positive than Wo, therefore 


Ro 
R, Re — (lh — 2) Reo 


—_—_—_— 1 


Ry Reg 
a : - lee > 
(1 — a2) Req + Re 


ies a 
(1 a a) Sie + Rs 
(1 = a.) Ro Rise 
3 = Troi 
(1 a ae) Ling si Re 
(1 — az) Re Reg 
R; a 
(1 — a2) Reg + Re 
may be simplified to 


Ri Too. + E +e 


so the above 


In practice 


Tse 
fig ee Rs Ra 
gece See - — A+ Teo. > 
(1 a a2) lige + Re (1 = a) lisy + Rs 
R; (Ico + Ino) (6) 
giving us a practical stability criterion. 
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Firing State Caiculations 


The equivalent circuit for the neuron in the firing 
state is shown in Fig. 7. When the neuron is in the 
firing state, T, is on or saturated and the capacitor Cc 
is discharging and holding T» cut off. In order that the 
pulse length be as independent as possible of the input 
pulse and the parameters of the transistors, T, should 
be saturated. For T; to remain saturated in the ab- 
sence of an input pulse, W; must be greater than zero. 
If the transistor is saturated, then 


Bi vlelwnns #1 
R, Rst+tRe Ri 
Mele fi ek 1 
Ri oR Ry” Byes 
1 1 
Re REE 2 Bs 
where : <Wi< E (7) 

2 et Re il : 1 ay, 
l—a, Ri RstRs Ke 


The voltage at the base of Tz is at Wo before firing 
and goes positive by an amount W, — Xp. It then 
starts to discharge exponentially toward —E/2 with a 


time constant RC . The base voltage of Tz may be 

written as 

Yo) ety | Ge ce 
CONG EEE a da 0 eBack Ri 


The output pulse will terminate when Y (t) equals Wi, 
since T, will turn on at that time and initiate the turn- 
off transient. Therefore we can solve for T by setting 
Y (t) equal to W, 


Ue PATO js rae ee a : 
Wit E R, (8) 
rT Reet Rs 


When T? turns on, T, turns off and its collector goes 
from W, to Xo. This change in voltage is coupled to 
the base of T. by the capacitor C. Ts acts like an 
emitter follower and drives the emitter of T,; negative 
a like amount. This negative transient decays with a 
time constant RC as follows: 


Ry + 
RE=| 02 4 1 lsa)¢ 


Fee Re 
If a d-c voltage exceeding the quiescent threshold 
W, is applied to the input, the circuit will free-run. 
The period of this oscillation is composed of two 
parts; one, the duration of the pulse, is 


(9) 


V; Tame X45 
t; = Reg Cn nf ER, (10) 
TOR, 
€ 1 ie V; 
+ ~~ )E+—4 
where W’; = 2 ae ; its) ; Ms 
Paras Mire alere | Te, 


40 


Fig. 7—Equivalent circuit of neuron in firing state 


The other part is the time between pulses, which is 


bo he te ee 
V; 3 Wo 


The time of the period is the sum of these parts. 

The expressions for the pulse length (Eq. 8), re- 
fractory time constant (Eq. 9), and free running 
period (Eqs. 10 and 11) are only approximate since the 
effects of Ico and Ipo are neglected so that the expres- 
sions might be simpler. The effect of the inclusion of 
these parameters is to shorten the various times since 
the presence of these currents tends to cause faster 
discharge of the capacitor. 


(11) 
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Alloying With Controlled Spreading 


in Silicon Transistors* 


arte. 
J.ROSCHENt T.J.MILES* C.G. THORNTON* 


Surface spreading of the electrodes in silicon alloy transistors greatly affects the per- 
formance and uniformity of the device characteristics. With conventional radiant alloying 
techniques and low edge dislocation density silicon, electrode areas may increase more 
than 100 percent. In the silicon surface-alloy transistor, used in this investigation, spreading 
was found to occur on the heating portion of the alloying cycle and to be strongly depend- 
ent on orientation for (111) oriented material. Use of (100) and (110) oriented silicon 
essentially eliminates spreading, but results in shorted transistors. On lapped surfaces and 
thick silicon oxide films, the identity and the restrictive action of the crystal plane 


is lost. These spreading problems are alleviated through an extremely rapid rate of heating: 
on the order of 9000 to 18,000° C/min. 
[Tear sheets of this article are available on written request] 


S A RESULT OF IMPROVEMENTS in the bulk is a cross-section photomicrograph of a completed 


A properties and the concurrent reduction of 
edge dislocations in single crystals of silicon, 
as with germanium,"!. 1. [5] surface spreading on 
alloying has become more evident. On (111) oriented 
material this results in triangular and hexagonal elec- 
trodes, as shown in Fig. 1. Such spreading is of parti- 
cular importance in high-frequency silicon transistors. 
Spreading in silicon-alloy transistors must be elimi- 
nated or greatly reduced if electrical performance is 
to be uniform and optimum. The small electrode sizes, 
thin base-widths, and low injection efficiencies and 
high recombination velocities in silicon require rigid 
control of geometrical parameters. With conventional 
equilibrium alloying techniques and low edge disloca- 
tion densities, the area of silicon electrodes may in- 
crease more than 100 percent. Spreading is more 
evident in (111) oriented material which must be 
used for planar-parallel junctions in transistors. 

This article discusses spreading and its effect on the 
electrical parameters of silicon transistors. It describes 
the important factors that affect spreading, and 
how, through the control of these factors at alloying, 
spreading is alleviated with a significant improvement 
in electrical characteristics. 


Spreading in Transistors 


The importance of spreading control on alloying in 
transistors is readily demonstrated by the p-n-p sur- 
face-alloy transistor (SAT). In this transistor electro- 
chemical jet-etching, aluminum electrode evaporation, 
and surface alloying techniques offer close control of 
geometrical parameters. The internal geometry of this 
transistor is illustrated in Figs. 2, 3, 4, and 5. Fig. 5 


*This investigation was supported in part by a U. S. Signal 
Corps Contract, No. DA-36-039-SC-72686. Presented at the 
Electron Device Conference, Washington, D. C., Oct. 1958. 


+Lansdale Tube Co. Division, Philco Corp. 
Lansdale, Pa. 
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transistor (whisker wires forcibly removed) illus- 
trating the planar-parallel junctions and narrow 
(0.00007) base width. 


pia 


Fig. 1 —Alloyed electrodes showing evidences of orienta- 
tion dependence of spreading on (iil) silicon. Magnifica- 
tion ~250X. 
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i 


Fig. 4A—Alloyed Electrode. 


ALUMINUM EMITTER 
008 DIA. 


ALUMINUM COLLECTOR 
-O11 DIA. 


When spreading occurs on both the emitter and 
collector electrodes, the vertices of the triangular 
electrodes are out of phase by 60° due to the restric- 
tive action of the (111) terminal planes, as is illus- 
trated in Fig. 6. The degree of spreading can vary con- 
Fig. 2 —Internal geometry of a silicon surface-alloy siderably from unit to unit because of non-uniform 

transistor. silicon. In addition to the change in electrode configu- 
ration, the alloying depth is greatly affected. Such a © 
phenomenon is undesirable in transistors from the © 
standpoint of uniformity and optimum performance. 

Parameters such as current gain, frequency re- 
sponse, output capacitance, punch-through voltage, 
and base spreading resistance are affected by spread- 
ing. The effect of uncontrolled spreading on the distri- 
bution of punch-through voltage is shown in Fig. 7. 
To induce spreading, the alloying was performed in a 
dry hydrogen atmosphere at a slow alloying rate of 
450°C/min. to a terminal temperature of 900°C. With 
pre-alloying base-width controlled to an accuracy of 
+0.035 mil, the results as plotted on these graphs 
show that punch-through voltage and current gain are 
affected more by the degree of spreading than by the 
pre-alloying base width. As the degree of spreading 
decreases, the number of units exhibiting shorts and 


Fig. 3 —Etched silicon showing smooth surface in etched 
region. Magnification ~100X (Top). Evaporated alumi- 


Fig. 5 —Cross-section of the el i om- 
num electrode. Magnification ~250X (Bottom). Seen toe ee 


pleted. transistor (Whisker wire forcibly removed). 
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Fig. 4B—Recrystallized region after removal of alumi- 
num silicon eutectic. Magnification ~250X. 


low punch-through voltage increases. This increase in 
the number of defective units is due to the fact that 
penetration during the alloying process is, among 
other things, a function of the mass of aluminum over 
a given area. Because of the variation in spreading, 
the mass per unit area varies considerably. If the mass 
(or height) of aluminum per unit area can be con- 
trolled during the alloying cycle, the depth of pene- 
tration is quite predictable. 


Surface Effects 


In an attempt to eliminate spreading, numerous 
surface treatments were tried without success. How- 
ever, some of the results are of interest and are re- 
ported below. 

Contrary to results obtained with indium alloyed on 
germanium by Pankove!?!, a mechanically disturbed 
surface produced by scratches in the SAT does not 
noticeably limit spreading. This is illustrated in Fig. 8, 
where it has not been inhibited by a scratched surface. 

If alloying takes place over a mechanically lapped 
surface or a thick silicon oxide film, the identity and 
restrictive action of the crystal plane is lost and 
spreading assumes a circular configuration (Fig. 9). 


Fig. 8 —Alloyed electrode with spreading on a scratched 
surface. Magnification ~300X. 
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Cen bo SECTION AA 


Fig.6 —Drawing (A) and photomicrograph of a transis- 
tor with light transmitted through the recrystallized re- 
gion (B) Illustrating a 60° phase shift between opposing 
electrodes. 
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Fig. 7 —Effect of spreading on the distribution of punch- 
through voltage. 
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Fig.9 —Non-orientation dependence of spreading on a 
lapped Surface (Top) and a thick oxide surface (Bot- 
tom). Magnification ~150X. 
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Fig. 10—Eflect of evaporated aluminum electrode thick- 
ness on the distribution of spreading. 
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Electrode Composition and Mass 


Attempts to affect the dissolution rate and to in- 
hibit spreading through the addition of tin, lead, and | 
12% silicon to the aluminum indicated no substantial 
reduction in spreading. However, any increase in the ! 
mass or thickness (for constant electrode area) of 
evaporated aluminum resulted in increased spreading. 

An increase of aluminum thickness from 0.38 mil to 
0.5 mil resulted in an average change in spreading } 
from 33% to 68% (Fig. 10). 


Crystal Axis 


To eliminate the 60° out-of-phase relationship that | 
exists between the emitter and collector electrodes in \ 
(111) orientated material, (100) and (110) orientated 
materials were tried. Results were as expected, (1) 
the spreading problem was essentially eliminated, and . 
(2) all transistors were shorted because of non- planar ° 
parallel alloying and the narrow base-width. When . 
the sample was viewed in cross-section, the junctions ; 
were clearly not planar-parallel. 

Misorientation of 2 degrees from the (111) plane: 
failed to eliminate spreading. Further misorientation | 
tends to aggravate the short-through and non-planar- - 
parallel junction problem."! A limit of 1 degree is : 
deemed necessary for reasonable yields for narrow © 
base width transistors of this type. 


Edge Dislocations 


In germanium, it has been established that edge dis- 
locations inhibit spreading. [*]. [51 Similar results 
have been obtained in silicon. It is believed that a dis- 
location is a region where excess energy is available 
to speed up the dissolution of the silicon. In this re- 
gion the equilibrium concentration of the silicon in 
aluminum is reached more rapidly resulting in re- 
duced spreading and deeper alloying. 

The partial and complete limiting effect of edge dis- 
locations on spreading is shown in Fig. 11. These 
samples were first etched to reveal the dislocation 
pits.* Then 8-mil diameter by 0.5-mil thick aluminum 
electrodes were evaporated, some on edge dislocation 
pits, others on regions free of pits. To induce spread- 
ing, the samples were alloyed in a dry hydrogen at- 
mosphere at a heating rate of 450°C/min. up to a 
terminal temperature of 900°C. They were held at 
900°C for 2 minutes and cooled at a rate of approxi- 
mately 200°C/min. The samples were photographed 
before and after alloying to permit correlation of 
spreading with etch pits. An over-lay of these two 
photographs indicated spreading was present where | 
etch pits were absent, and limited where etch pits 
were present. | 


*Etch pits were revealed after 4 hours in the following modified 
CP-4 etchant. 6 ml HNO; (70%), 2 ml glacial acetic acid, 7 ml 
HF (48%), 0.25 gm Cu(NOs) 2.3 H.O, and 250 ml H.O. On com_ 


pletion of etching a nitric acid rinse was used to remove the 
deposited copper. 
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1 
| Statistical evidence is also available indicating that 

when areas of ingots having more numerous disloca- 
_tions, as the outer edge of an ingot, are used, spread- 


ing is reduced and more shorts are experienced. A 


eit See 


difference in dislocation density between the center 
,and edge of a wafer cut from an ingot grown by the 
'“Czockralski” pulling process is shown in Fig. 12. The 
density of the center of this wafer is <100 pits/cem? 
‘ and of the order of 10* pits/em? within 1/8 inch of the 
i edge. The difference in spreading between the low 
dislocation density center and the high dislocation 
- density edge of a silicon wafer is given below: 


Center Edge 


Dislocation density, pits/cem? 150 860 
f Average spreading, % 100 78 


| In addition to producing preferential deep alloying 
» ana shorts,'! edge dislocations affect the minority 
- earrier lifetime!®! and electrical characteristics, such 
» as the diode breakdown voltage.!!. [81 Therefore, a 
high incidence of dislocations is not the answer to the 


» problem. 
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Fig. 12—Variation of edge dislocation etch pit density across wafer. Magnification 
pits in Center region. Magnification ~75X (right). 
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Fig. 11—Alloyed electrodes showing partial and complete 
(Top and Bottom, respectively) i.m ting effect of edge 
dislocation etch pits on spreading. Magnification ~250x. 
(White dash marks indicate presences of dislocation etch 


pits under electrodes). 


~2X (left). Dislocation etch 
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Feb 1959 quency of 1.3 mc. 
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Feb 1959 
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Feb 1959 
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CONDENSED SUMMARY 


AUTHOR 


Close frequency control of transmitter and re- 
ceiver local-oscillator klystrons is achieved using 
magnetic amplifiers and transistors. 


Input circuit to pulse-position telemetry demodu- 
lator is a modified two-input semiconductor diode 
AND gate. 


D-C Motors can be replaced with induction motors 
by employing transistors as controlled switches to 
provide 2-phase square-wave outputs from a sin- 
gle d-c source. 


Draft-Transistor slope detector operates in an 
oscillating mode. Superior performances compared 
with passive detector is obtained at low signal 
levels; equivalent performance is obtained at larger 
signal levels. 


Used to switch six channels in each coordinate 
axis of a scope presentation. Operates over a wide 
range of pulse repetition frequencies. 


Electrochemical diodes may be used in a number 
of control applications complementing vacuum 
tubes and transistors. 


Tabulation of important characteristics of com- 
mercially available p-n-p-n semiconductor switch- 
ing diodes. 


Except for oscillator, all transistors operate on 
either saturated or cutoff state. 


Circuit for obtaining surface characteristic. Scope 
patterns observed for various ambient atmospheres 
in term of n and p type surface. 


A theoretical analysis of the dependence of photo- 
conductivity upon optical absorption is presented. 


Vacuum evaporated films of cadmium telluride 
have been prepared that show photovoltages as 
high as 100 v per cm of film length. 


A self-refining method for growing three different 
forms of CdS single crystals is described together 
with fabrication details of the zone furnace em- 
ployed. 


The effects of carrier injection on the surface re- 
combination velocity are discussed on the basis 
of the Shockley-Read Model. 


Verification and extension of a 3-part model 
(P-N*-N) of the junctions derived from electrical 
measurements. 


Steady-state impurity distributions are produced 
when impurities are diffused into a piece of sili- 
con, the surface of which is evaporating. 


Useful emperical relationships on the variation of 
effective ionization coefficients associated with 
avalanche breakdown. 


Theory of the field effect at high frequencies: using 
the same basic assumptions as Garrett (1957) with 
more complete conditions at the back surface. 


D-C and A-C Characteristics are observed in 
order to get some information about the actions 
of the barrier layer. 


A transmission line that is governed by the same 
differential equations as a drift transistor is dis- 
cussed. 


Spectral response of the diffusing excitation, tem- 
perature dependence of the diffusion length and 
propogation velocity of the diffusing photocon- 
ductivity discussed. 
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TITLE 


On a Simple Model 
for Impurity Band 
Conduction 


A Fast Method of 
Reading Magnetic- 
Core Memories 


Electrical Conduction 
in Crystals and 
Ceramics of WOs 


Two Electrical Phenomena 
on Liquid Germanium 
Surfaces 


Electron Spin 
Resonance in 
Nickel-Doped Germanium 


Optical Constants of 
Germanium in the 
Region 1 to 10 ev 


Effect of Minority 
Impurities on Impurity 
conduction in P-type 
Germanium 


Energy Levels in 
Irradiated Germanium 


Some Properties of 
Green and Red-Green 
Luminescing CdS. 


The Application of 
Transistors to 

Phase-Comparison 
Carrier Protection 


Transistor Noise 
Factor Tester 


Transistor Switching 
Circuits, Part 2 


Transistor Character- 
ization at VHF, Part 2 


Intermetallic 
Semiconductors 


On the Doping of the 
Semiconductor Compound 
CoSb; 


Electrical Conductivity of 
CuO During Its Dissocia- 
tion (1070-1250°C)—II 


Electrical Conductivity 
of CuO in its 
Stability Region in 
Air (1020-1070°C)—I 


Deoxidized Selenium 
and the Dependency 
of its Electrical 
Conductivitv on 
Pressure—II 


Devendence of the 
Electrical Conductivity 
of Selenium on 
Pressure—I 
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PUBLICATION 


Philips Res Rep 
Feb 1959 


Philips Tech Rev 


No 7 

Feb 10 1959 
Physical Review 
Feb 1 1959 


Physical Review 
Feb 1 1959 


Physical Review 
Feb 15 1959 


Physical Review 
Feb 15 1959 


Physical Review 
Feb 15 1959 


Physical Review 
Feb 15 1959 


Physical Review 
Feb 15 1959 


Proc Inst Elec 
Engineers (Brit) 
Feb 1959 


Semiconductor Products 


Feb 1959 


Semiconductor Products 


Feb 1959 


Semiconductor Products 


ebe1959 


Semiconductor Products 


Feb 1959 


Sov Phys Sol 
State 
Jan 1959 


Sov Phys Sol 
State 
Jan 1959 


Sov Phys Sol 
State 
Jan 1959 


Sov Phys Sol 
State 
Jan 1959 


Sov Phys Sol 
State 
Jan 1959 


CONDENSED SUMMARY 


The influence of the randomness of impurity center 
positions on impurity band_ conduction can be 
studied using a stochastic resistance network. 


Review and discussion of various memory systems. 
Particular type of system with transistor switch/ 
amplifier described. 


WO, behaves like an impurity semiconductor hay- 
ing a saturation region below 740°C and becom- 
ing intrinsic above 910°C. 


An electric discharge between the surface of a 
molten pool of Ge and a nearby solid Ge electrode 
was found to repel scum. 


Electron spin resonance absorption proportional 
in intensity to the Ni “concentration has been 
detected. 


The reflectance r (A)”, of single-crystal germanium 
was measured in the range 0.6 to 11.3 ev. 


Hall coefficient R and resistivity of various p-type 
germanium samples have been measured between 
300°K and 1.3°K 


It is possible to reconcile inconsistency of energy 
levels found in irradiated Ge by consideration of 
clustering and reconciliation of defects. 


A series of electro-optical experiments at room 
temperature have been made with two types of 
high-purity, single crystals of CdS 


Potentialities of the junction transistor when ap- 
plied to phase-comparison carrier protection, and 
flexibility of transistor circuits. 


Description of a simple and reliable instrument 
for measuring audio Noise Factor of transistors. 


Description of a non-saturating flip-flop circuit 
that may be used as a frequency divider; also de- 
sign of blocking oscillators. 


Description of a technique for the characterization 
of transistors in the CE configuration at WHF 
(30-300 mc) 


Methods of synthesis, purification and single crys- 
tal growth are described; also properties and ap- 
plications. 


The effect of thirteen impurity elements on the 
thermoelectre and electric properties of the semi- 
conductor compound CoSb; was investigated. 


The electrical conductivity of Cu.O under atmos- 
pheric conditions in the temperature range of 
1070° to 1250°C was measured for the first time 
in this work. 


Results of the investigation of the electrical con- 
ductivity of cuprous oxide within the temperature 
range of 800-1070° under atmospheric conditions. 


Methods of purification and deoxidation of sele- 
nium are described. Variations in electrical con- 
ductivity discussed. 


The dependence of the electrical conductivity of 
monocrystals and _polycrystals of selenium on 
pressure was investigated at different temperatures. 
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_ Measurement of the 
Dependence of the 
Hall Effect in N-Type 
Germanium on 
Pressure for Pressures 


TITLE PUBLICATION 


Sov Phys Sol 
State 
Jan 1959 


up to 10,000 Rg/cm? 


Crystalline CdS 


- Gamma-Radiation State 

_ Receivers Jan 1959 
Investigation of Sov Phys Sol 
Intercrystalline Energy State 
Barriers in Thin Films Jan 1959 


of Cadmium Sulfide by 


Sov Phys Sol 


Study of the Hall effect in Semiconductors, pri- A. 
marily in germanium with known impurities, as  T. 
a function of pressure in a wide temperature 
range. 


Development of a technique of producing speci- 
mens of CdS sufficiently sensitive to X-rays and 
gamma rays without the use of phosphors, am- 


CONDENSED SUMMARY AUTHOR 


I. Likhter 
S. D’yakonova 


I. D. Konozenko 
V. I. Ust’yanov 


plifiers and intensifiers. 


Trradiation of the Films 
with Low-Energy 
Electrons 


Dependence of the 
Induced Conductivity 
on the Energy of 
Electrons in the Films 
of Cadmium Sulfide and 


Sov Phys Sol 
State 
Jan 1959 


Selenide During 
Bombardment With 
Slow Electrons 


The Effect of Surface 
Recombination on 
the Photoconductivity 


Sov Phys Sol 
State 
Jan 1959 


on Semiconductors 


Some Quantitative 
Relationships of the 
Process of the Donor- 


Sov Phys Sol 
State 
Jan 1959 


Acceptor Reaction in 
Metal Alloys 


Calculation of 
- Transient Processes 
in Transistors 


Sov Phys Sol 
State 
Jan 1959 


In this work the variation in the resistance of 
very thin films of CdS (107% to 10° cm) was in- 
vestigated when the films were irradiated with 
energies from 0 to 15 ev. 


Variation of the electrical conductivity was meas- 
ured in films of CdS and CdSe about 10°* cm 
thick, obtained by vacuum deposition, 
bombardment with electrons with energies from 
0 to 15 ey. 


Derivation of the conditions for “diffusion” layers, 
and calculation of the photoconductivity of semi- 
conductors. 


Confirmation of the donor or acceptor role of 
the individual components of metallic solid solu- 
tions, and quantitative formulas. 


Transient conductivity of a transistor is calculated 
taking into effect the final value of internal R, the 
emf of the excitation source, the collector capaci- 
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tance, and the load resistance. 


Cyclotron Resonance Sov Phys Sol A method of calculating the galvanomagnetic ef- Yu. A. Firsov 
in Semiconductors State fects for equipotential surfaces of any form is 

With Complex Jan 1959 proposed. 

Equipotential Surfaces 

Characteristic Times Sov Phys Sol Object of research was to investigate the character- G. M. Guro 


of Steady-State 
Electron Processes in 


State 
Jan 1959 


Semiconductors 
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istic times for the case of non-equilibrium steady- 
state generation. 


SEMICONDUCTOR CIRCUIT DESIGN 
AWARDS RULES 


. Articles and nomographs published in Semiconductor 


products between April 1959 and March 1960 inclusive 
will be considered eligible for the awards. It is there- 
fore advisable to submit manuscripts as soon as pos- 
sible. 


Mail manuscripts to Semiconductor Products Maga- 
zine, 300 W. 43rd St., New York 36, N.Y. Attention: 
S. L. Marshall, Editor. 


Prizes will be 1) an engraved gold medal and $500.00 
for the most outstanding Semiconductor Circuit De- 
sign Article, and 2) an engraved gold medal and 
$500.00 for the most outstanding Nomograph relating 
to Semiconductor Circuit Design. 


Manuscripts are limited to 3,000 words or less, exclu- 
sive of illustrations and diagrams. Manuscripts should 
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be typed double-spaced, and submitted in duplicate. 
Illustrations and diagrams need not be inked or ruled; 
however they must be neatly prepared and legible. 


. Judges’ decision shall be final, and authors agree to 


accept these decisions as a condition of entry. Semi- 
conductor Products reserves the right to correct typo- 
graphical errors that may appear inadvertently in 
the manuscript. 


. Authors of all published material will be remunerated 


in accordance with our regular rates. Material found 
unacceptable will be returned to the authors. 


. Employees of Cowan Publishing Corp. and affiliated 


companies, and members of their immediate families 
are not eligible for these awards. 
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PATENT REVIEW 


Of Semiconductor Devices, Fabrication Techniques and Processes, 


and Circuits and Applications 


Compiled by SIDNEY MARSHALL 


The abstracts appearing in this issue cover the inventions relevant to semiconductors from 


May 22, 1956 to Aug 14, 1956. In subsequent issues, 


patents issued from Aug. 14, 1956 to date 


will be presented in a similar manner. After bringing these abstracts up to date, PATENT 
REVIEW will appear periodically, the treatment given to each item being more detailed. 


May 22, 1956 

2,746,121 Conditioning of Semiconductor 
Translators—A. E. Anderson. Assignee: 
Bell Telephone Laboratories. A method of 
electrically forming a transistor to im- 
prove its electrical characteristics which 
comprises applying forming energy near 
the collector, monitoring the collector-to- 
base voltage while anamalous charge car- 
riers are injected into the region, and 
terminating the forming operation when 
the collector-to-base voltage has fallen to 
a predetermined value. 


2,746,122 Method of Stabilizing the Resist- 
ance Characteristics of Selenium Rectifier 
Cells—H. J. Zygmunt, L. K. Hedding. As- 
signee: Westinghouse Air Brake Company. 
A method of comprising the steps of re- 
peatedly exposing a cell to a temperature 
below 0° F for severai minutes during 
each exposure period, and reforming the 
cell after each exposure except the last. 


2,747,023 Marker Impulse Generator for 
Signaling Systems—K. Hagenhaus. As- 
signee: Siemens & Halske (A German 
Corporation). A marker impulse generator 
device which has a relatively small num- 
ber of circuit closure or switching means 
as compared with the number of outlets 
serving for the utilization of the marker 
impulses produced. 


2,747,111 Coupling Circuit for Semiconduc- 
tor Devices—W. R. Koch. Assignee: Radio 
Corporation of America. A system includ- 
ing a first and a second signal circuit 
terminal, means providing a point of fixed 
reference potential for said system, a 
transistor, a network for conveying signal 
variations from said first terminal to said 
terminal, and means for providing an 
energizing potential for the system. 


May 29, 1956 

2,747,254 Manufacture of Selenium Rec- 
tifiers—W. H. Harding. Assignee: West- 
inghouse Electric Corporation. A method 
of treating selenium rectifier cells by 
applying a constant alternating voltage 
across a rectifier cell and a capacitor in 
series. 


2,747,971 Preparation of Pure Crystalline 
Silicon—C. C. Hein. Assignee: Westing- 
house Electric Corporation. The produc- 
tion of single crystals of silicon by em- 


* Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 
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ploying gold-silicon alloy for progres- 
sively melting a body of polycrystalline 
silicon under such conditions that tne 
alloy melts said silicon at one face of said 
body and rejects pure silicon at the other 
face, such rejected silicon depositing on 
a single crystal of silicon and building 
up thereon. 


2,748,041 Semiconductor Devices and Their 
Manufacture—H. W. Leverenz. Assignee: 
Radio Corporation of America. A device 
comprising a semiconductive body of one 
conductivity-type, a layer of substance 
alloyed and diffused into one surface 
thereof whereby a rectifying barrier and 
a layer of opposite conductivity-type are 
formed within said surface, and a channel 
formed in said alloyed layer whereby a 
plurality of diffusion junctions are 
formed. 


2,748,235 Machine For Automatic Fabrica- 
tion of Tetrode Transistors—R. L. Wallace, 
Jr. Assignee: Bell Telephone Laboratories. 
A device to determine the exact location 
on a minute bar of semiconductor ma- 
terial of one conductivity type, a still 
more minute intermediate zone of oppo- 
site conductivity type, and to bond one or 
more electrodes to this zone; said machine 
performing said operations in a manner 
suitable for production purposes. 


2,748,274 Transistor Oscillator With Cur- 
rent Transformed Feedback Network— 
A. R. Pearlman. Assignee: Clevite Cor- 
poration. An oscillator including a pair 
of transistors connected in push-pull re- 
lationship, and a secondary winding on a 
feedback transformed inductively coupled 
to a primary winding thereon and con- 
nected across the transistor inputs to sup- 
ply regenerative feedback energy thereto 
which varies with the load current. 


2,748,325 Semiconductor Devices and 
Methods for Treating Same—D. A. Jenny. 
Assignee: Radio Corporation of America. 
A device including a semiconductive body 
having fuzed to a surface thereof a body 
of impurity-yielding material, p-n junc- 
tion adjacent to said impurity-yielding 
body, and a film of insulating material 
upon the surface of said device. 


2,748,326 Semiconductor Translators and 
Processing—R. C. Ingraham. Assignee: 
Sylvania Electric Products Incorporated. 
A method of producing stable point-con- 
tact germanium devices which includes 
the steps of etching the exposed surface 
of a mounted germanium body, baking 


said mounted body for a prolonged period, 
coating said surface with a fluid silicone, 
assembling the point-contact device with- 
in a cartridge, and hermetically sealing 
said cartridge. 


2,748,349 Fabrication of Junction Tran- 
sistors—E. Dickten, Jr., R. P. Riesz, R. L. 
Wallace, Jr. Assignee: Bell Telephone 
Laboratories. A method of determining 
the exact location of an intermediate © 
zone of opposite conductivity type on a 
semiconductor body of which the end por- 
tions are of one conductivity type. 


June 5, 1956 

2,749,463 Solid State Television Pickup 
Tube—J. R. Pierce. Assignee: Bell Tele- 
phone Laboratories. An electronic camera 
tube having a target consisting of a con- 
tinuous wafer of silicon or germanium 
and having the property that a light image 
incident thereon produces at the surface 
thereof locally trapped hole-electron pairs 
for developing a surface contact potential 
in the semiconductor representative of 
said light image. 


2,749,471 Electron Device With Semicon- 
ductive Target—E. S. Rittner. Assignee: 
North American Philips Company Inc. An 
electron discharge tube having a target 
electrode comprising a pair of spaced elec- 
trically terminal electrodes with an active 
photo-conductive semiconductive metallic 
sulphide element therebetween. ; 


2,749,488 Light Cells or Rectifiers—S. E. 
Mayer. Assignee: International Standard 
Electric Corporation. A cell comprising a 
container having an inert atmosphere, an 
insulating seal at one end thereof, a pair 
of leads sealed to said insulating seal and 
extending within said container, a junc- 
tion-type semiconductor die mounted be- 
tween said leads, and a transparent win- 
dow in said container to permit light to 
fall upon said die. 


2,749,493 Speed Regulating and Current 
Limit Motor Control System—P. M. Fish- 
er. Assignee: Cutler-Hammer Incorpo- 
rated. Apparatus designed to provide a 
speed regulating and current limit control 
system characterized by low steady state 
error, high system stability and sharp cur- 
rent limit action. 


June 12, 1956 

2,750,452 Selectivity Control Circuit—H. C. 
Goodrich. Assignee: Radio Corporation of 
America. In combination a resonant sig- 
nal circuit, a transistor, means for varying 
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‘a control voltage in series with said res- 
onant circuit to vary the effective emitter- 
to-base resistance and the Q of said res- 
nant circuit. 


2,750,453 Direct Current Amplifier—R. L. 
Pritchard. Assignee: General Electric 
Company. An amplifier comprising a pas- 
sive input device having an external- 
stimulus-controlled resistance, a_ tran- 
sistor with a current amplification factor 
less than unity, an output load device 
anda single unidirectional voltage source. 


2,750,456 Semiconductor Direct Current 
‘Stabilization Circuit—F. D. Waldhauer. 
Assignee: Radio Corporation of America. 
A direct current stabilizing amplifier cir- 
cuit which enables the utilization therein 
of semiconductor devices having dis- 
similar characteristics and in which a-c 
degeneration may be minimized. 


2,750,507 Transistor Oscillator Circuit— 
R. R. Law, H. Johnson, L. J. Giacoletto, 
-L. E. Barton. Assignee: Radio Corporation 
of America. An oscillator circuit including 

a transistor, a frequency determining cir- 
feu for said oscillator which is tunable 
to alternating current of a predetermined 

frequency, and means for controlling the 

alternating current flow because the base 
and the emitter in phase relation with 

Sap first named current for sustained 
and stable oscillation. 


2,750,508 Transistor Oscillator Circuit— 
.F. D. Waldhauer. Assignee: Radio Cor- 
t poration of America. An oscillation gen- 
-erator including a transistor, a first and 
second reactive impedance elements con- 
nected with the emitter and base respec- 
tively, a third impedance element con- 
nected with said collector, and means 
connecting said impedance elements to a 
common point to form a T-network pro- 
viding regenerative  collector-to-base 
feedback. 


os Pulse Generators—R. O. Endres. 
Assignee: Radio Corporation of America. 
An astable pulse generator comprising a 
transistor, transistor electrode operating 
potential sources, a delay line coupled 
between the collector and a common junc- 
tion point for propagating voltage waves 
to the end of said line and for reflecting 
and applying said waves to said collector 
electrode to vary the current conducting 
condition of the transistor, and means for 
deriving output pulses across a resistor 
at a rate determined by said delay line. 


2,750,510 Free Running Square Wave Gen- 
erator—R. P. Moore, R. O. Endres. As- 
signee: Radio Corporation of America. A 
generator having a predetermined repeti- 
tion rate and including a transistor, an 
impedance element coupling the emitter 
electrode, the action of said delay line 
causing a variation in the current con- 
duction of said transistor for determining 

said repetition rate. 


2,750,540 Selenium Rectifiers and Their 
Manufacture—E. G. Wald Kotter, A. M. 
_Hase. Assignee: Siemens Schuckertwerke 
Aktiengesellschaft (A German Corpora- 
tion). A dry rectifier unit comprising a 
flexible base electrode of a maximum 
thickness of 0.01 mm., a flexible counter 
electrode and a flexible semiconductive 
layer between said electrodes and firmly 
joined therewith. 


2,750,541 Semiconductor Translating De- 
vice—R. S. Ohl. Assignee: Bell Telephone 
Laboratories. A device consisting of a 
body of silicon or germanium, an integral 
surface layer thereon having electrical 


characteristics other than those of said 
body produced by bombardment thereof 
with ions of significant impurities. 


2,750,542 Unipolar Semiconductor Devices 
—L. D. Armstrong, D. A. Jenny. Assignee: 
Radio Corporation of America. A device 
consisting of a semiconductor body having 
zones of p-type and n-type conductivity 
separated by a rectifying barrier, at least 
one of said zones having a free planar 
surface; in one of the zones a current path 
the width of which is defined by said 
barrier and said surface; and a pair of 
ohmic contact electrodes. 


2,750,543 Crystal Diode Unit—H. M. Wads- 
worth. Assignee: None. In a crystal diode 
assembly, a cylindrical electrode, a crystal 
plate fixed on one end thereof, a second 
electrode, a spring wire filament attached 
at one end thereto and a hollow cylin- 
drical casing of dielectric material. 


2,750,544 Silicon Translating Devices and 
Methods of Manufacture—W. G. Pfann. 
Assignee: Bell Telephone Laboratories. A 
manufacturing method which comprises 
sustaining a glow discharge at atmos- 
pheric pressure between a body of silicon 
and an electrode, interrupting said dis- 
charge, mounting a limited area contact 
on the portion of the body contacted by 
said glow discharge, and discharging a 
condenser biased beyond the peak volt- 
age of the device across the contact and 
the silicon body. 


June 19, 1956 

2,750,654 Miniature Rectifier—H. L. Owens. 
Assignee: U.S.A. (Dept of the Army). A 
method of fabricating a semiconductor 
device which includes the step of dipping 
a completed rectifier assembly and its 
leads in a thermoplastic medium where 
upon solidification said plastic forms a 
solid bead which encases and fixes a 
spacer, a semiconductor, and its leads, in 
position to form an integral device. 


2,751,446 Automatic Gain Control Circuit 
for Transistor Amplifiers—C. C. Bopp. 
Assignee: Avco Manufacturing Corpora- 
tion. A gain control circuit for a main 
transistor amplifier, said circuit including 
a direct current transistor amplifier and 
means for varying the collector-to-emitter 
impedance thereof. 


2,751,497 Super-Regenerative Transistor 
Broadcast Receiver—R. S. Duncan. As- 
signee: Bell Telephone Laboratories. A 
radio receiver for operation over a pre- 
determined frequency band which com- 
prises a transistor oscillator, a regenera- 
tive feedback circuit, means for matching 
the amount of feedback to the current 
gain frequency characteristic of said tran- 
sistor, whereby a constant level of oscilla- 
tion is maintained over the entire fre- 
quency band of operation of the receiver. 


2,751,498 Crystal Controlled Oscillator Cir- 
cuit—M. E. Malchow. Assignee. Radio 
Corporation of America. A crystal con- 
trolled transistor oscillator circuit having 
a frequency determining ineans including 
an impedance element and a piezoelectric 
crystal serially connected between the 
base electride and a source of reference 
potential. 


2,751,501 Transistor Oscillator—E. Eber- 
hard. Assignee: Motorola Inc. A phase 
shift type oscillator including first and 
second transistors, a point of reference po- 
tential, a resistance-capacity phase-shift- 
ing feedback network, means for provid- 
ing a 180-degree phase shift to a signal 
of selected frequency appearing across a 
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resistive element connecting the emitter of 
the second transistor with the point of 
reference potential, and means for sus- 
taining the oscillation at such a selected 
frequency. 


2,751,527 Semiconductor Devices—E. G. 
Shower. Assignee: National Union Elec- 
tric Corporation. A device consisting of 
a hermetically sealed semiconductive 
crystal and electrodes in contact there- 
with. 


2,752,529 Point-Contact Semiconductive 
Device—J. W. Stineman Jr., S. A. Robin- 
son. Assignee: Philco Corporation. A 
shock resistant point-contact semiconduc- 
tive device having low-noise properties 
and mechanical stability even under ad- 
verse environmental conditions of con- 
taminated atmosphere or excessive hu- 
midity. 


2,751,545 Transistor Circuits—F. H. Chase. 
Assignee: Bell Telephone Laboratories. In 
combination, a rectifier for supplying cur- 
rent to a load circuit, a saturable reactor 
for supplying the current from a source, a 
transistor, and a current path between 
the saturating winding of said reactor 
and the collector electrode. 


2,751,549 Current Supply Apparatus— 
F. H. Chase. Assignee: Bell Telephone 
Laboratories. In combination: a d-e source 
supplying a load circuit; an n-p-n tran- 
sistor and a p-n-p transistor; means for 
controlling the current in said load cir- 
cuit, and means for directly conductively 
connecting the base electrode of the first 
transistor to the collector of the second 
transistor. 


2,751,550 Current Supply Apparatus— 
F. H. Chase. Assignee: Bell Telephone 
Laboratories. A circuit including one or 
more transistors that sets up across a load 
a substantially constant voltage having a 
desired magnitude. 


June 26, 1956 

2,752,541 Semiconductor Rectifier Device 
—E. F. Losco. Assignee: Westinghouse 
Electric Company. In combination: a 
metal body having a semiconductor device 
place inside a cavity therein, means for 
securing one of the terminal members of 
said device to said body, and means for 
closing and sealing the hollow. 


2,752,542 Dry Plate Rectifier—E. Nitsche. 
Assignee: Siemens-Scheickertwerke Ak- 
tiengellschaft. A stack mounted dry-plate 
rectifier having spacer bushing on the 
central mounting rod of said stack, said 
bushings being interleaved with the 
rectifier plates. 


July 3, 1956 

2,753,495 Point-Contact Translators—J. F. 
Barry. Assignee: Bell Telephone Labora- 
tories. A device including a pair of wires. 
having chisel shaped ends which engage 
a semiconductive body in critically spaced 
relationship, a buffer mass of fluid mate- 
rial on the portion of said body engaged 
by said wires, and a resinous bead sur- 
rounding said body and buffer mass. 


2,753,496 Complexes of Multielectrode 
Semiconductors—S. Tenzer. Assignee: 
None. A transistor having a disc-shaped 
member formed from an agglomeration of 
semiconductive granular particles making 
electrical contact with each other; and 
first, second and third electrodes, posi- 
tioned in such a way so that a change of 
current between the first and third elec- 
trodes produces an amplified change in 


ol 


the current flowing between the second 
and third electrodes. 


2,753,497 Crystal Contact Rectifiers. A. 
Jenkins, A. Langridge. Assignee: West- 
inghouse Brake and Signal Company Ltd. 
A point-contact crystal diode assembly 
enclosed in a hermetically sealed tubular 
casing of insulating material. 


2,753,501 Transistor Commutated Direct 
Current Motor—H. D. Brailsford. A com- 
mutatorless d-c motor having a centrifu- 
gal device, a rotor, driving windings, 
and transistors for energizing the driving 
windings under control of the control 
windings. 


July 10, 1956 

2,754,431 Semiconductor Devices—H. John- 
son. Assignee: Radio Corporation of 
America. In a semiconductor device, 
means for varying the effective resistance 
of a portion of a semiconductive body 
within a current path defined between 
the base electrode and the emitter or col- 
lector electrodes, said means comprising 
a p-n rectifying junction electrode dis- 
posed adjacent to said current path. 


2,754,455 Power transistors—J. I. Pankove. 
Assignee: Radio Corporation of America. 
A device including a cylindrical semicon- 
ductive body of one conductivity type 
having annular, coaxial zones of the other 
conductivity type, and heat radiating 
means, including a forced fluid cooling 
system. 


2,754,456 Semiconductor Device and Meth- 
od of Its Manufacture—O. Madelung. As- 
signee: Siemens Schuckertwerke Aktien- 
gesellschaft. A device consisting of a body 
made of a binary compound of aluminum 
with an element of the second subgroup 
in the fifth group of the periodic system, 
and an aluminum oxide coating on the 
surfaces of said body. 


July 24, 1956 

2,756,285 Semiconductor Signal Translat- 
ing Devices—W. Shockley. Assignee: Bell 
Telephone Laboratories. A device com- 
prising an enlongated semiconductive 
body having therein four longitudinally 
extending continuous zones, adjacent 
zones being of opposite conductivity type, 
and means for producing at the junction 
of said zones a space charge region which 
increases in thickness from one end of 
said body to the other. 


2,756,374 Rectifier Cell Mounting—P. J. 
Colleran, A. C. English, F. P. Mulski. As- 
signee: General Electric Company. A cell 
mounting formed of component parts 
which may be fabricated at temperatures 
which would normally be destructive to 
the cell, and thereafter assembled under 
conditions which prevents injury to the 
cell as a result of heating operations em- 
ployed in making the assembly. 


July 31, 1956 

2,756,483 Junction Forming Crucible— 
R. M. Wood. Assignee: Sylvania Electric 
Products Incorporated. Apparatus for al- 
loying metal terminals to opposed sur- 
faces of a slice of semiconductor. 


2,157,243 Transistor Circuits—D. E. Thomas. 
Assignee: Bell Telephone Laboratories. A 
device which initiates the flow of emitter 
current in low-voltage low-power single 
battery transistor circuits without ad- 
versely affecting the operation thereof 
under steady state conditions, and which 
permits Class AB, B, or C operation of 
self-biased transistor oscillators. 
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2,757,286 Transistor Multivibrator—C. L. 
Wanlass. Assignee: NAA. A multivibrator 
circuit comprising a pair of transistors 
and a pair of diodes. 


2,757,287 Stabilized Semiconductor Oscilla- 
tor Circuit—T. O. Stanley. Assignee: 
Radio Corporation of America. In a 
transistorized circuit, means are provided 
for between the collector and base elec- 
trodes providing regenerative feedback 
for said device to sustain oscillation 
thereof over a range of frequencies. 


2,757,289 Transistor Oscillator Circuit— 
A. Har’el, C. C. Cheng. Assignee: Radio 
Corporation of America. A _ transistor 
oscillator circuit including feedback 
means, the parameters of which are given 
by the following relationships 
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where, with respect to the components 
of the circuit, L, and L, are the induct- 
ance of a first and second inductor 
respectively; C,, C, and C, are the ca- 
pacitances of a first, second and third 
capacitors respectively, and m is a con- 
stant. 


2,757,322 Crystal Contact Devices—E. G. 
James. Assignee: General Electric Com- 
pany Lid. A device comprising a semi- 
conductive body having a tapered por- 
tion, three metallic wire shaped members, 
and supports for the element and the 
contact members, said contact members 
in point-contact relationship with the 
crystalline element. 


2,757,232 Full Wave Asymmetrical Semi- 
conductor Devices—J. P. Jordan, A. D. 
Sheckler. Assignee: General Electric Com- 
pany. A device comprising a wafer of 
semiconductive material, and a pair of dis- 
crete impurity diffused regions on one 
face of said wafer, said regions providing 
said wafer with two independent recti- 
fication barriers. 


2,757,324 Fabrication of Silicon Translating 
Devices—G. L. Pearson. Assignee: Bell 
Telephone Laboratories. A silicon diode 
comprising a silicon wafer of n-type con- 
ductivity, an aluminum element bonded 
to the wafer and forming a rectifying 
connection therewith, and a_ gold-anti- 
mony alloy element bonded to said wafer 
and forming an ohmic connection there- 
with. 


August 7, 1956 

2,757,439 Transistor Assemblies—L. E. 
Burns. Assignee: Raytheon Manufacturing 
Company. A method of assembling a 
semiconductive device and encapsulating 
said device within a hardened protective 
housing. 


2,757,440 Apparatus for Assembling Semi- 
conductor Devices—J. N. Carman. As- 
signee: Hughes Aircraft Company. Ad- 
justable apparatus for automatically and 
progressively stressing the elements of a 
point-contact semiconductor device to a 
predetermined value which may be varied 
by varying the adjustment of the 
machine. 


2,758,206 Transistor Pulse Generator—D. J. 
Hamilton. Assignee: Hughes Aircraft 
Company. A transistor pulse generator 
for producing output pulses upon oc- 
curence of the zero reference cross-over 
point of an applied input signal. 


2,758,208 Electric Frequency Dividers— 
H. Grayson. Assignee: International 
Standard Electric Corporation. A network 


consisting of an amplifier, a gating cir 
cuit, means for applying an input waw 
of a given frequency to control said cin 
cuit, and means for deriving from thi 
output of said amplifier an output waw 
for applying said output wave at a peri 
odicity equal to a sub-multiple of sai 
given frequency to control said gatin’ 
current. 


2,758,261 Protection of Semiconducta 
Devices—L. D. Armstrong, J. I. Pankoy 
Assignee: Radio Corporation of Americx 
A semiconductive device encased in 
plastic material, and a high resistivit 
resilient, chemically inert material in im 
timate contact with said device in orde} 
to protect predetermined portions thereox 


2,758,263 Contact Device—J. J. Robillare 
Assignee: Telefonaktiebolaget L. 
Ericcson (A Swedish Corporation). A co 
tact device having a plane-surfaced cry: 
tal, a layer having multiple perforatio 
supported by said plane surface, and 
conductive second layer on said first laye 


2,758,264 Electric Rectifiers—K. A. Mati 
thews, R. A. Hyman. Assignee: Interna 
tional Standard Electric Company. 4 
semiconductor device having a base elec! 
trode and two rectifying electrodes conr 
nected by a single terminal spaced apari 
by a distance whereby the rectificatio 
ratio measured between the single termi 
nal and the base electrode is the same az 
the ratio measured between the base elec 
trode and either rectifying electrodé 
taken by itself. 


2,758,265 Selenium Rectifier—C. A. Escof4 
fery. Assignee: International Telephona 
& Telegraph Company. A cell that use 
a lacquer for an artificial barrier layer by 
means of which higher voltage discs cam 
be obtained with a minimum number o 
rejects, said lacquer also enabling the 
forming time to be appreciably reduced) 


2,758,266 Selenium Rectifier—W. F. Bonner: 
R. F. Durst, W. Lewanda, A. E. Machala: 
Assignee: International Telephone anc 
Telegraph Company. A selenium rectifier 
having deposited on it a barrier layer o- 
a solution of a high molecular weigh: 
linear polymeric carbonamide soluble in 
the lower aliphatic alcohols. 


August 14, 1956 

2,759,052 Amplifier Semiconductor Vol-4 
ume Compression System—A. A. Mac- 
Donald, R. D. Baltezore, W. J. Parks: 
Assignee: Motorola Inc. In a_ phase 
modulating system in which a carrie 
wave is modulated by a modulating wave: 
a system for compressing the modulating 
wave. 


2,759,104 Multivibrator Oscillator Genera- 
tor—A. M. Skellet. Assignee: National 
Union Electric Corporation. An oscillator 
generator employing a pair of transistors 
with associated cross connections and 
feedback circuits whereby both sinusoidal 
and square topped waves are simulta- 
neously obtainable. | 


2,759,111 Transistor Trigger Circuit—R. 
Wideroe. Assignee: Aktiengesellschaft 
Brown, Boverie & Cie (A Swiss Com- 
pany). In a control circuit: a transistor 
with control, collector and base electrodes. 
a first and second circuits combined with 
said transistor, means for promoting feed- 
back from the second circuit to the first 
circuit, an input circuit including twe 
asymmetrically conducting devices. 
(To be continued ) 
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Price Reductions 
_ General Electric has again reduced 
prices on its lines of silicon controlled 
rectifiers. The latest price reductions 
Piz from 25% on the 16-ampere, 
200-V model, to 14% on the 10- 
mpere, 300-V model. All voltage 
models in both the 10-ampere and 
16-ampere lines are affected by the 
latest price revision. The new prices 
are effective July 1. 


_ Transitron Electronic Corporation 
‘of Wakefield, Massachusetts, an- 
mounces a major price reduction on 
its 2N1139 fast silicon logic transistor 
with 150 mc cutoff. The nearly 50% 
price reduction reflects decreases 
manufacturing costs due to recent 
large quantity orders. Transistron 
reports immediate availability from 


‘distributors stocks or local company 
‘field offices. 

: 

' Motorola Semiconductors has re- 
duced prices on its silicon Zener 
idiode line from 10% to 40% accord- 
‘ing to an announcement from Dr. 
Cc. L. Hogan, General Manager. In- 
formation on these new diode prices 
may be obtained by writing Motorola, 
Inc., Semiconductor Products Divi- 
sion, Dept. NZP, 5005 E. McDowell 
‘Rd., Phoenix Arizona. 


: Merger of Victoreen Instrument 
‘Company, electronic device manu- 
facturer and Tenney Engineering 
Inc., manufacturer of environmental 
test chambers was voted subject to 
stockholder approval. 

_ The semiconductor device produc- 
tion of Nippon Electric Co., Ltd., 
Japan, is now roughly 500,000 tran- 
sistors and 600,000 diodes per month. 
The company plans to triple its 
monthly production this year. Ac- 
cording to the Wall Street Journal, 
the shipment of Japanese transistors 
into this country is still quite small. 
In the first three months of this year 
the transistors imported from Japan 
totaled 42,000; a sharp gain from 
16,000 in the like period in 1958. Last 
year Japan shipped 11,000 here. U.S. 
makers of transistors produced 47 
million units last year. This year they 
expect to produce 80 million units. 


The Office of Defense Research and 
Engineering of the Advisory Group 
on Electronic Defense Department, 
has prepared a summary of more 
than 380 research and development 


programs for electronic tubes and 
semiconductor devices that have been 
conducted for the last two years. Of 
these, 155 projects were in the semi- 
conductor device section. Approxi- 
mately $18 million was made avail- 
able during the past fiscal year, 
which ended June 30th, for research 
on tubes and semiconductor devices. 


An underwriting group headed by 
Kidder, Peabody & Co. recently 
offered to the public 95,000 shares 
of $1 par value common stock of 
Polarad Electronics Corporation at 
a price of $19 per share. An addi- 
tional 5,000 shares have been offered 
to employees. Net sales in the nine 
months ended March 31, 1959 were 
$8,666,000 and net income applicable 
to common stock was $310,000, com- 
pared with $6,345,000 and $206,000, 
respectively, in the similar period 
ended a year earlier. About 61 per 
cent of sales in the latest period 
were pursuant to government de- 
fense contracts and subcontracts, and 
approximately 32 per cent were to 
industrial purchasers and govern- 
ment laboratories engaged in de- 
fense work. 


Daystrom Incorporated reports 
that sales were slightly below the 
previous year and earnings were 
substantially lower. For fiscal 1959, 
net sales were $76,640,000, compared 
with $81,714,000 for the previous fis- 
cal year. Net earnings amounted to 
$1,207,000 or $1.32 a share before 
special charge of $643,000 after taxes 
equal to 70 cents a share. The charge 
represented a write-off of inventory 
no longer needed by the Weston In- 
struments Division. Net earnings 
after the special charge amounted to 
62 cents a share. 

Directors of the company have 
declared the regular quarterly divi- 
dend of 30¢ a share on the common 
stock. The dividend is payable 
August 14, 1959 to stockholders of 
record July 27, 1959. 


General Instrument Corporation, 
for the fiscal year ended February 
28, 1959, topped all previous 36-year 
sales records, doubled pre-tax profits 
and increased per share earnings 
26%. The company reports a volume 
of $46,562,300 for the year (of which 
42% was in military-industrial elec- 
tronics) an increase of 19% over the 
previous year’s sales of $39,195,749. 
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MARKET NEWS... 


Board Chairman Martin H. Benedek 
recently advised shareholders at the 
annual meeting in Newark, that for 
the first fiscal quarter (ended May 
31, 1959), sales “should be at least 
$12.5 million and will unquestionably 
top all previous records for the 
period.” Last year’s first quarter 
sales were $8,679,027. Semi-conductor 
shipments for the first quarter, are 
estimated to be three times those of 
last year’s first quarter and current 
semi-conductor backlog is almost 
triple last year’s at this time. 


James T. Parry, marketing re- 
search manager for Hoffman Elec- 
tronics Corp., predicted in a report 
based on a market survey that sili- 
con transistors, which accounted for 
only 5 per cent of all transistors sold 
in 1957, will represent about 24 per 
cent of total sales in 1962. The re- 
sults of this survey are shown in the 
graph below. Sales of silicon types 
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in 1957 amounted to 1.44 million 
units, about 5 per cent of the 28.7 
million transistors sold, while dollar 
volume of silicon transistors for the 
year represented 30 per cent of the 
total, due to the higher unit cost of 
this type. Total dollar volume of sili- 
con types in 1957 was estimated at 
$21.5 million. 


Stockholders of Hazeltine Corpora- 
tion, recently voted to split the Com- 
pany’s common stock two-for-one 
and to increase the authorized num- 
ber of no-par value common stock 
from 1,500,000 to 3,000,000 shares. 
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CHARACTERISTICS CHARTS OF NEW DIODES and RECTIFIERS 


TWEEN APR. 1, 1959 and MAY 31, 1959 ONLY. 

Cet an eon Zener of Avalanche Diodes, Switching Diodes, 

and other types of diodes will be pupbehey in the SEPTEMBER 
issue 0 4 


MANUFACTURERS 

i Mullard, Ltd. 
an pet Ha eee eee eget NAE— North American Electronics 
B ee ye whe Con NPC— Nucleonic Products Co., Inc. 
en 55 ha et ane eh OHM— Ohmite Manufacturing Co. 
BOG— Dogue, Ei iri ” Mi Co PHI— Phileo Corp, Lansdale Tube Company 
Bo Bonar Tabene fe PSsI— Pacific Semiconductors, Inc. 
oN Bradicy Tabs QsCc— Catone emu OPAUEDR Corp. 

— ad 5 E = ompan F . 
CBS OBS Fl Le epee asatet he: OT ee RcA_ Rauio “Corporation of America, Semiconductor D* 
ae Contines tel Idevice Corp. SAR— Sarkes Tarzian, Inc., Rectifier Division 
coL— Columbus Electronics Corp. a ee pest rt age 
i Cee meee Gen aar SIE— Siemens & Halske Aktiengesellschaft 
EEVB— English. Electric Valve Co., Ltd. sIL— Silicon Lapeer i pee eS 
ERI— Erie Resistor Corp. ssD— Sperry t ora 7 ie 
FAN— Fansteel Metallurgical Corp. apa pees tate : Fe sopaey Con. 

Gan Soheeen Hee STCB— Standard Telephone & Cables, Ltd. 
GECB— General Electric Co., Ltd. SYL— Sylvania Electric Products, Inc. 
GE— General Electric Company, Semiconductor Div. SYN— Syntron Co. oe 
GICc— General Instrument Corp. TEX— tt er seesenree ssoc. 
GTC— General Transistor Corp. as. TFKG— Telefunken, die 
HSD— Hoffman Semiconductor Division THE— Thermosen, naa = 
HUG— Hughes Products Division TI— Texas Instruments, : c. 
IFHS— Institutet for Halvedarforskning TKD— Tekade, Nurnberg, Germany 
INRC— International Rectifier Corp. TOK— Tokyo Tsushin Kogyo, Ltd. 
IRC— International Resistance Co. TRA— Transitron Electronic Corp. 
ITT— International Tel. & Tel. Corp. TUN— Tung-Sol Electric, Inc. 
KEM— Kemtron Electron Products, Inc. TSC— Trans-Sil Corp. 5 
LCTF— Laboratoire Central de Telecommunications UsD— United States Dynamics Corp. 
MAL— P. R. Mallory & Co., Inc. UuUss— U, S. Semiconductor Products, Inc. 
MIC— Microwave Associates, Inc. vic— Vickers Inc. | 
MOT— Motorola, Inc. WEC— Western Electric Co. 
: WEST— Westinghouse Electric Corp. 
The following manufacturers have announced that they have begun supplying the indicated previously registered diodes and rectifiers. 
Compagnie Generale de T.S.F.: 1N127, 1N191, 1N192, 1N198 


Continental Device: 1N702 thru 1N720, 1N761 thru 1N768 

Hughes: 1N643, 1N658 thru 1N663, 1N702 thru 1N720 

Pacific Semiconductors: 1N702 thru 1N725, 1N746 thru 1N759, 1N789 thru 1N804 

Philco: 1N26, 1N26M, 1N26A, 1N26AM, 1N26B, 1N26BM, 1N78, 1N78M, 1N78A, 1N78AM, 1N78B, 1N78BM, 1N78C, 
1N78CM, 1N1838 

RCA: 1N440B thru 1N445B, 1N536 thru 1N540, 1N547, 1N1095 

U.S. Dynamics: 1N248, 1N249, 1N250, 1N1124 thru 1N1128, 1N1199 thru 1N1206, 1N1341 thru 1N1348 

U.S. Semiconductor Products: 1N253, 1N254, 1N255, 1N256 


MAX. | Min. Forward | max. p.c. MAX. 


Current outpuT @ © | FULL MER 
CURRENT: ‘°©)| LoaD L,@E,@T { Seas) 


at start 


VOLT. of charts | 


DROP‘ 
(volts) (uA) (volts) 


1N846 2 Si 50 220 25 -60 20 35 25 HUG 
1N847 2 Si 100 20 25 «60 20 70 25 HUG 
1N848 2 Si 200 20 25 -60 20 140 25 HUG 
1N849 2 Si 300 20 25 60 20 210 25 HUG 
1N850 2 Sa 400 APA) 25 -60 20 280 25 HUG 
1N851 2 ot 500 220 25 60 20 350 25 HUG 
1N852 2 Si 600 ~20 25 -60 20 420 25 HUG 
1N853 2 Si 700 220 25 -60 20 490 25 HUG 
1N854 2 Si. 800 0 25 60 20 560 25 HUG 
1N855 2 Si 900 -20 25 ~ 60 20 630 25 HUG 
1N856 2 Si 1000 220 25 - 60 20 700 25 HUG 
1N857 2 Si 50 150 25 60 20 35 25 HUG 
1N858 2 Si 100 150 25 ~60 20 70 25 HUG 
1N859 2 ‘Sul 200 150 25 -60 20 140 25 HUG 
1N860 2 Si 300 150 25 60 20 210 25 HUG 
1IN861 2 Si 400 150 25 60 20 280 25 HUG 
1N862 2 si 500 150 25 - 60 20 350 25 HUG 
1N863 2 si 600 150 25 60 20 420 25 HUG 
1N864 2 Si 700 150 25 - 60 20 490 25 HUG 
1N865 2 Si 800 150 25 - 60 20 560 25 HUG 
1N866 2 Si 900 150 25 60 20 630 25 HUG 
1N867 2 si 1000 150 25 - 60 20 700 25 HUG 
1N868 2 Si 50 100 25 60 20 35 25 HUG 
1N869 2 Si 100 100 25 -60 20 70 25 HUG 
1N870 2 Si 200 100 25 - 60 20 140 25 HUG 

NOTATIONS Other Following any temperature reading Manufacturers should 

— Sear ~ these symbols apply be contacted for val- 

4. For half wave resistive ue and test condition 

Under Use load average over 1 cycle A — Ambient for surge current and 

ae C — Case maximum peak recur- 
1. General Purpose Under Reverse Current J — Junction rent current 

2. Power Rectifier — I Ter. eS S — Storage 

g ke Amplifier Zw Dynamic A\—Inlet Temperature of Coolant 

Insulated Base 
5. Controlled Rectifier soe Type No. Under Ep 
6. Footlable instock: form 7 —Revised Data A - at 125% 
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ere Min. Forward | wax. p.c. MAX. | Max. Rey. Current 


7; 
Current OUTPUT @ FULL MER. 


at start } 
of charts | 


VOLT. 
ly @E, DROP‘ 


(volts) (mA) (volts) (amps) (volts) (uA) (volts) (°C) 


WORK : 
MAT] PIV |VorrT @ 25°C |[current® “Oltoap} |, @E, @T fepees 


1N871 2 Si 300 100 25 60 20 210 25 HUG 
1N872 2 si 400 100 25 60 20 280 25 HUG 
1N873 2 Si 500 100 25 60 20 350 25 HUG 
1N874 2 Si 600 100 25 60 20 420 25 HUG 
1N875 2 Si 700 100 25 60 20 490 25 HUG 
1N876 2 Si 800 100 25 60 20 560 25 HUG 
1N877 2 Si 900 100 25 ~ 60 20 630 25 HUG 
1N878 2 Si 1000 100 25 - 60 20 700 25 HUG 
1N879 2 su 50 50 25 60 20 35 25 HUG 
1N880 2 Si 100 50 25 60 20 70 25 HUG 
1N881 2 Si 200 50 25 60 20 140 25 HUG 
1N882 2 Si 300 50 25 60 20 210 25 HUG 
1N883 2 Si 400 50 25 60 20 280 25 HUG 
1N884 2 Si 500 50 25 60 20 350 25 HUG 
1N885 2 Si 600 50 25 60 20 420 25 HUG 
1N886 2 Si 700 50 25 60 20 490 25 HUG 
1N887 2 Si 800 50 25 60 20 560 25 HUG 
1N888 2 Si 900 50 25 60 20 630 25 HUG 
1N889 2 Si 1000 50 25 60 20 700 25 HUG 
1N1183 2 Si 50 40 35 140 60 20ma 50 25d WEST-6 
1N1184 2 Si 100 80 35 140 60 20ma 100 257 WEST-6 
1N1185 2 Si 150 120 35 140 60 20ma 150 257 WEST-=6 
1N1186 2 Si 200 160 35 140 - 60 20ma 200 25d WEST-6 
1N1187 2 Si 300 240 35 140 - 60 20ma 300 257 WEST—6 
1N1188 2 Si 400 320 35 140 - 60 20ma 400 25d WEST~6 
1N1189 2 Si 500 400 35 140 60 20ma 500 255 WEST-6 
1N1190 2 Si 600 480 35 140 60 20ma 600 257 WEST-—6 

| 1N1581 2 Si 50 3.0 150C 1.5 500 156 USD 
1N1582 2 Si 100 3.0 150C 1.5 500 150 USD 
1N1583 2 Si 200 3.0 150C LoD 500 150 USD 
1N1584 2 Si 300 3.0 150C 1.5 500 150 USD 
1N1585 2 Si 400 3.0 150C 1.5 500 150 USD 
1N1586 2 Si 500 3.0 150C 1.5 500 150 USD 
1N1587 2 Si 600 3.0 150C 1.5 500 150 USD 
1N2128 2 Si 50 20 125C 50 10ma 130C INRC 
1N2129 2 si 100 20 125C 250 10ma 130C INRC 
1N2130 2 Si 150 20 125C 250 10ma 130C INRC 

| 1N2131 2 Si 200 20 125C 250 10ma 130C INRC 

| 1N2132 2 si 250 20 125C 50 10ma 130C INRC 
1N2133 2 Si 300 20 125C 250 10ma 130C INRC 

1N2134 2 Si 350 20 125C 250 10ma 130C INRC 

| 1N2135 2 si 400 20 125C 290 10ma 130C INRC 

-1N2136 2 Si 450 20 125C 250 10ma 130C INRC 

| 1N2137 2 Si 500 20 125C 50 10ma 130C INRC 
1N2176 2 Si 50 1.0 150C a An 300 150 USD 
1N2177 2 si 100 1.0 150C iad 300 150 USD 
1N2178 2 Si 150 a 150C 1.1 300 150 USD 
1N2179 2 Si 200 1.0 150C 1.1 300 150 USD 
1N2180 2 Si 300 1.0 150C a be 300 150 USD 
1N2181 2 Si 400 1.0 150C Led 300 150 USD 
1N2182 2 Si 500 1.0 150C 1.1 300 150 USD 
1N2183 2 Si 600 1,0 150C 1.1 300 150 USD 
1N2184 2 Si 50 3.0 150C 1.5 5000 150. USD 
1N2185 2 Si 100 3.0 150C 1.5 5000 150 USD 
1N2186 2 Si 150 3.0 150C 1.5 5000 150 USD 
1N2187 2 Si 200 3.0 150C 1.5 5000 150 USD 
1N2188 2 Si 300 3.0 150C 1.5 5000 150 USD 
1N2189 2 Si 400 3.0 150C 1,5 5000 150 USD 
1N2190 2 Si 500 3.0 150C 1.5 5000 150 USD 
1N2191 2 Si 600 3,0 150C 1.5 5000 150 USD 
1N2194 2 Si 50 6.0 150C 1,25 5000 150 USD 
1N2195 2 Si 100 6.0 150C 1,25 5000 150 USD 
1N2196 2 Si 150 6.0 150C 1,25 5000 150 USD 
1N2197 2 Si 200 6.0 150C 1,25 5000 150 USD 
1N2198 2 Si 300 6.0 150C 1,25 5000 150 USD 
1N2199 2 Si 400 6,0 150C 1,25 5000 150 USD 
1N2200 2 Si 500 6,0 150C 1,25 5000 150 USD 
1N2201 2 Si 600 6.0 150C 1,25 5000 150 USD 
1N2204 2 Si 50 12 150C 1,25 5000 150 USD 
1N2205 2 Si 100 12 150C 1.25 5000 150 USD 
1N2206 2 Si 150 12 150C 1,25 5000 150 USD 
1N2207 2 Si 200 12 150C 1,25 5000 150 USD 
1N2208 2 Si 300 12 150C 1,25 5000 150 USD 
1N2209 2 Si 400 12 150C 1,25 5000 150 USD 
1N2210 2 Si 500 12 150C 1,25 5000 150 USD 
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MAX. } Min. Forward | max. p.c. 7 | MAX. Max. Rey. Current 


CONT. OUTPUT @ FULL MFR 
1,@E,@T | Ss | 


WORK. » Fe) 
MAT | PIV CURRENT LOAD 
VOLT. VOLT. 


at start 
of charts 


I, @ Ey DROP4 
(volts) | (volts) (mA) (volts) (volts) (uA) (volts) (°C) 


1N2211 2 Syst 600 12 150C 1,25 5000 150 hoe 
1N2348 2 Si 50 aE) 150C oe 300 150 
1N2349 2 spl 100 1.0 150C ill 300 150 USD 
1N2350 2 Si 150 1.0 150C alps! 300 150 USD 
1N2357 Wyn (Sab 1400 1400 400 2.0 40 25 1.0 1400 25 COL } 
1N2358 Ibs) Sisb 1500 1500 400 2.0 40 25 L205 £500 25 coL 
1N2359 ict) pol 1600 1600 400 2.0 40 25 1.0 1600 25 COL 
1N2360 yee} Sal 1800 1800 400 2,0 40 25 1.0 1800 25 coL 
1N2361 ba PAne sal 2000 2000 400 2.0 240 25 1.0 2000 25 COL 
1N2362 ge» Sal 1400 1400 1000 2.0 heath 25 1.0 1400 25 COL 
IN239624 1,253 St 21400) 1400 5000 20 5.0 25 1.0 1400 25 COL 
TN2sO2B 9 Ae 2i.3) Ses 1400 1400 10A 2.0 10 25 1.0 1400 25 COL 
1N2364 oBge Sal 1500 1500 1000 2.0 1.0 25 1,0 1500 25 COL 
TENOSICAIN “SlRWaS) Sak 1500 1500 5000 2.0 5.0 25 1.0 1500 25 coL 
N23 648 et osm 1500 1500 10A 2.0 10 25 i'0. 50.0 25 COL 
1N2366 Sos) Sal 1600 1600 1000 2.0 1.0 25 T0) £6.09 25 COL 
UNOREGN ThyBow Sak WOO GOO BOOM Bee 5.0 25 TON 6.00 25 COL 
UNG SE) aS 7A5es Sal 1600 1600 10A 2.0 10 25 1.0 1600 25 COL 
1N2368 WW GAn Sh Sal 1800 1800 1000 2.0 sre10) 25 0" — L300 25 COL 
IN2368A 1,2,3 Si 1800 1800 5000 2.9 ye @) 25 15:0" 92S 00 25 CoL 
DINZ868By 15.253. Si 1800 1800 10A 2.0 10 25 1.0 1800 25 COL 
1N2370 Io rtqe) Shab 2000 2000 1000 2.0 i 9) 25 he Ost 2000 25 COL 
TNZS7OAP E253! oS 2000 2000 5000 2.0 Bis 25 1.0 2000 25 COL 
IN23708 152,3 Sil 2000 2000 10A 2.0 10 25 1.0 2000 25 COL 
1N2382 1 Sal 4000 4000 pa tsa 25 18 100 4000 100 PSI 
1N2383 1 Si 6000 6000 Aut) 25 27 100 6000 100 PSI 
1N2384 a Si “8000 8000 207 25 27 100 8000 100 PSI 
1N2385 il Si 10K 10K sO 25 39 100 10K 100 PSE 
1T22G af Ge 15 60 5.0 EO BO 25 500 50 25 SONY 
1T23G 1 Ge 30 20 2.5 0 2025 25 50 10 25 SONY ' 
172011 2 Si 100 100 oils 25 300 100 150 SONY 
T2012 2 Si 200 200 215 25 300 200 150 SONY 
ILIAC ales} 2 Si 300 300 As) 25 300 300 150 SONY : 
1T2014 2 Si 400 400 AMtfe) 25 300 400 150 SONY : 
172015 2 si 500 500 ALS 25 300 500 150 SONY 
1T2016 2 Si 600 600 oD) 25 300 600 150 SONY 
302E 2 si 250 200 35 140 260 20ma 250 25d WEST-6 
302G Spl 350 280 35 140 260 20ma 350 25d WEST-6 
Shown below (AA10 to CA60) is the corrected information incorrectly shown in the June 1859 issue of SCP. 
AA10 272 Sl 100 100 2A 1b A) 2.0 135€ .50 10 100 25 VIC 
AA20 27 Sa 200 200 2A aka O) 2710 135C 700 10 200 25 VIC 
AA30 a7 Sil 300 300 2A 1.0 2.0 USEC, .50 10 300 25 VEC 
AA40 22 Si 400 400 2A 20 210 135¢€ .50 10 400 25 VIC 
AA50 22) Sel 500 500 2A ib @) 2.0 RSG; a) 10 500 25 VIC 
AA60 27) Si 600 600 2A Bg 20) 135C .50 10 600 25 Vic 
BA10 221 Sil 100 100 8A 1.0 8.0 135C 5:0 10 100 25 VC 
BA20 27) Si 200 200 8A LO) 8.0 135C on 10 200 25 VIC 
BA30 27 Si 300 300 8A yO 8.0 135C OO 10 300 25 VIC 
BA40 27 Si 400 400 8A ib @) 8.0 135C .50 10 400 25 WARe: 
BA5 0 27) Si 500 500 8A Io ® 8.0 135C 3 5 2 
BA60 27) Si 600 600 8A 0) 8.0 135C 26 1 ae = ote 
CA10 27) Si 100 100 12A io 10) 12 135C 50 10 100 25 VIC 
CA20 271 Spl 200 200 12A 1.0 ay 135C 50 10 200 25 TG 
CA30 22 Si 300 300 12A it 12 135C 50 10 300 25 nee 
CA40 27) Si 400 400 12A it 50) 12 135C "50 10 400 2 mie 
oe 27 Si 500 500 12A LO 12 135¢ -50 10 500 s ae 
oplire He a ane 600 a 1.0 12 135¢ -50 10 600 25 VEC 
1.0 
CD1117 * St 10 ne uieese hae 10 300 150 CDC 
*Voltage reference( forward) 100 1.0 Ee yee Ze ae 
NOTATIONS Other fence wey pempernture reading Manufacturers should 
: ieee MARIOS AU CUO OP UE be contacted for val- 
Under Use : isda crear teenie A — Ambient ior eer uscanens 
C — Case maxi eS 
2 Ermer nec Under Revere Curent j= Fonction se 
3. Magnetic Amplifier aq Dynamic at aes 
g we ied Bass amie . —Inlet Temperature of Coolant 
5. Controlled Rectifier ae Type No.. Under Ep 
6. Available in stack form ; Se 
from that manufacturer T —Revised Data J - at 125°C 
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paccind Min. Forward | wax. p.c. 7 | MAX. Max. Rey. Current 


Current OUTPUT @ FULL MER. 


VOLT. | a start 
I, @ E, DROP4 of charts 


(volts) (mA) (volts) (amps) (volts) 


WORK ° 
MAT] PIV | Voir} @ 25°C [curRENT’ "©! toap [see 


CH103A 2 Si 100 100 20 150 5000 100 150 TUN 
CH103B 2 Si 200 200 20 150 5000 200 150 TUN 
CH103C 2 Si 300 300 20 150 5000 300 150 TUN 
CH103D 2 Si 400 400 20 150 5000 400 150 TUN 
- CH103E 2 Si 500 500 20 150 5000 500 150 TUN 
| CH103F 2 Si 600 600 20 150 5000 600 150 TUN 
| CH103Z 2 Si 50 50 20 150 5000 50 150 TUN 
‘CH104A 2 Si 100 100 35 150 10000 100 150 TUN 
CH104B 2 Si 200 200 35 150 10000 200 150 TUN 
CH104c 2 Si 300 300 35 150 10000 300 150 TUN 
CH104D 2 Si 400 400 35 150 10000 400 150 TUN 
CH104E 2 500 500 35 150 10000 500 150 TUN 
CH104F 2 Si 600 600 35 150 10000 606 150 TUN 
CH104Z 2 Si 50 50 35 150 10000 50 150 TUN 
ROY 2 pea) Ge 250 100 400 1. oy 45A .40 250 250 25 TKD 
OY3 5 Ge 200 100 400 120 .20 45A .40 250 200 25 TKD 
OY4 Lie Ge 150 100 400 10) eau 45A 40 250 150 25 TKD 
OY5 GS Ge 100 100 400 1.0 20 45A .40 250 100 25 TKD 
SFD106 1 Ge 25 5.0 150 600 25 25 CSF 
SFD108 1 Ge 115 10 1.5 250 100 25 CSF 
. SFD110 1 Ge 45 10 YA, 2 350 45 25 CSF 
| SFR105/1 2 Ge 100 4.0 25 a0 15ma 100 75 CSF 
| SFR105/2 e Ge 100 6.5 25 270 15ma 100 75 CSF 
SFR106 2 Ge 50 1A 25 .70 15ma 50 75 CSF 
SFR106/1 2 Ge 50 5.0 25 eT 15ma 50 75 CSF 
SFR106/2 2 Ge 50 720 25 70 15ma 50 75 CSF 
STC101 5 Si 50 35 Tey aA 20 15 35 150 Sims 
STC102 1 Si 50 35 10 et ont ~20 5.0 35 150 SHEP 
STC103 1 Si 80 70 I pemas 274 220 15 70 150 SIL 
$TC0104 a Si 80 70 TOeneT S74 20 5.0 70 150 SIL 
STC105 1 Si 150 130 LO ce: -20 15 130 150 SIL 
STC106 1 scl 150 130 LD eee: OX 5.0 130 150 Sr 
-—STC107 4 Se 200 180 WY Sean! .20 15 180 150 Sais 
. STC108 1 Si 200 180 eR tetra te pe .20 5.0 180 150 SIL 


: 
CAPACITANCE 
: Cc @ Eb 
: 
: 
MA460F 1.0max. 6.0 6.0 70 10000 MIC 
MA460G 1.0max. 6.0 6.0 8.0 10000 MIC 
: MA460H 1.0max. 6.0 6.0 9.0 10000 MIC 
P SC1 10 4.0° 22 3514 50 TRA 
Psc2 20 4.0 22 3521 50 TRA 
; SC3 35 4.0 18 350) 50 TRA 
r SC5 50 4.0 at 35 50 TRA 
— SC7 70 4.0 9.0 350 50 TRA 
oCit 105 4.0 6.0 35121 50 TRA 
F SC15 150 4.0 6.0 354 50 TRA 
- SCH51 .50 4.0 10 40 100 TRA 
' SCH51/A @ .50 4.0 10 40 100 TRA 
 SCH52 100 4.0 7.0 40 100 TRA 
| SCH52/A Z 11,0 4.0 7.0 40 100 es 
D1114 -70 + 1,4 .60 - 20 30 20 100 
D1156 «10 = 2.0 .60 - 20 30 30 100 SYL 
PeZC10A 30 + 3.0 1.0 6.0 35 50 FERB 
ZC10B 30 + 6.0 1.0 6.0 35 50 FERB 


Under Type No. 


@ - Ceramic Microwave Crystal Cartridge 


Under Q 


Z - Typical 
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TRANSISTOR DEVICE ENGINEERS 


ACHIEVE BEST USE OF 
YOUR CREATIVE TALENTS 
WITH GENERAL ELECTRICS 

Expanding SEMICONDUCTOR Operations 


YOUR ASSIGNMENT: 

To formulate and execute a high frequency tran- 
sistor design into a reliable product for application 
in the 100-500 meps region. 


REQUIREMENTS: 

A basic working knowledge of solid state physics— 
including diffusion, alloying, vapor deposition, sur- 
face phenomena and associated processing and 
measuring techniques. BS in EE, Chem E or Physics. 
At least 2 years’ industrial or laboratory experience 
on semiconductor devices and materials. 


AT G. E. YOU WILL... 

Work in the campus-like environment of modern 
Electronics Park. 

Associate with industry’s outstanding scientists and 
engineers . . . who, for example, recently devel- 
oped the ‘revolutionary’ SILICON CONTROLLED 
RECTIFIER from an idea to mass production . 
with unprecedented speed! 

Be supported by the company’s ample financial re- 
sources and complete research facilities. 


CHALLENGING OPENINGS 
for Physicists, Metallurgists, Physical Chemists, EE’s, 
ME’s, Chem E’s—BS thru PhD, at all levels of ex- 
perience—to work in: 


DEVICE ENGINEERING 

Devise design and advance process development of 
silicon and germanium transistors and rectifiers, 
silicon controlled rectifiers, and selenium rectifiers. 


APPLIED RESEARCH 
Conduct surface and etching studies on semicon- 
ductor materials and devices. Investigate new tech- 


niques for the refinement of semiconductor mate- 
rials. 


SEMICONDUCTOR METALS ENGINEERING @ 
FIELD SALES @ PRODUCT PLANNING 
@ QUALITY CONTROL ENGINEERING @ 
TEST EQUIPMENT DESIGN & DEVELOPMENT 
@ MANUFACTURING PROCESS ENGINEERING 


Semiconductor experience desirable—but not essential 
U.S. CITIZENSHIP NOT REQUIRED 


Enjoy gracious living in the heart of New York’s 
Vacationland . . . adjacent to the famed Finger 
Lakes Region, Adirondack Mountains, and the 
Thousand Islands. 


Liberal relocation allowances. Excellent benefit plans 
include tuition refund for graduate studies at Syra- 
cuse University. 


Mr. M. D. Chilcote, Division-125-MG 
SEMICONDUCTOR PRODUCTS DEPT., Bldg. 7 


GENERAL GQ ELECTRIC 


Electronics Park Syracuse, New York 
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PERSONNEL 
NOTES 


The election of Dr. Herbert Trotter, Jr 
as a Senior Vice President of Sylvanizi 
Electric Products Inc. was announced bw 
President Robert E. Lewis. Dr. Trotter; 
a physicist, has been designated Senio 
Vice President, Engineering and Research. 
with over-all responsibility for the engi 
neering program as it relates to the entir 
scope of Sylvania’s activities, and fox 
the operations of Sylvania Research 
Laboratories, a major division of th 
company. His headquarters will be a3 
Sylvania’s executive offices in New York 
City. 


Dr. Paul N. Russell has joined the re 
search staff of Hoffman Electronics 
Corporation’s new Science Center i 
Santa Barbara, Calif., as a senior scientist, 
Dr. Lloyd T. DeVore, vice president and! 
director, announced. He will be concerne 
with research in semiconductor materials,s 


Missouri, Columbia, Mo., where he 
specialized in solid state physics. He isi 
presently secretary of the electronics divi-. 
sion of the American Ceramic Societ 
and a member of the American Physical! 
Society. 


Wellington Vandeveer will take over 
the post of president, it was announced? 
by the Circo Equipment Company, Clark. 
New Jersey, manufacturers of metal de— 
greasing and washing equipment. Hew 
succeeds Melville Morris, who has re~ 
signed from the company. At the same* 
time, Severn Carlson was named to direct 
sales activities for both Circo Equipment 
and the newly formed subsidiary, Cireo: 
Ultrasonic Corporation. Circo also an— 
nounced the appointment of Benson: 
Carlin as Executive Vice-President of 
the subsidiary. Mr. Carlin is a national’ 
authority in the ultrasonics field. 


Alvin B. Phillips has been appointed: 
Chief Engineer of Motorola’s Mesa tran-- 
sistor product line according to an an-- 
nouncement from Motorola’s Semicon-- 
ductor Products Division in Phoenix,: 
Arizona. In this new position, Mr. Phillips: 
will be in charge of engineering design: 
and development of germanium and sili-- 
con Mesa transistors for high frequency ; 
switching, amplifier and power applica-- 
tions. 


The following appointments to posi-- 
tions in Hoffman Electronics Corpora-: 
tion’s West Coast semiconductor plant,. 
now under construction in El Monte, 
Calif., were announced by Maurice E.. 
Paradise, executive vice president of the | 
Semiconductor Division: Howard Mann, 
previously superintendent of manufactur-| 
ing for the Semiconductor Division,| 
Hughes Aircraft Co., was named produc- 
tion manager. Irwin Rubin, formerly| 
chief solar production engineer for the 
Hoffman Semiconductor Division’s Evans- 
ton, Ill., plant, chief manufacturing engi- 
neer. Emory Glancy, former  super- 
intendent of maintenance for Interna- 
tional Rectifier Corporation, plant engi- 
neer. 


The appointment of Harry R. Marty as 
manager of its new Owensboro plant was 
announced by the W. R. Grace & Co., 
Dewey and Almy Chemical Division, 
Cambridge, Massachusetts. He succeeded 
James F. Murphy, Jr., chief engineer, on 
July 1, at which time Mr. Murphy re- 
turned to Cambridge. He received a 
B.S. in Chemical Engineering from the 
University of Missouri in 1943. A regis- 
tered professional engineer in Massa- 
-chusetts, he is a member of the Ameri- 
‘can Institute of Chemical Engineers, the 
‘American Chemical Society, and Alpha 
Chi Sigma. 


' Dr. Herbert M. Hershenson has joined 
'Baird-Atomic, Inc. as assistant technical 
idirector, product planning. Dr. Hershen- 
‘son will work with members of the Baird- 
Atomic engineering staff on development 
of new instruments to meet specific 
jmarket needs and on applications of the 
firm’s atomic and chemical analysis equip- 
*ment. Dr. Hershenson holds an S.B. de- 
gree in chemistry and a Ph.D. degree in 
analytical chemistry from Massachusetts 
‘Institute of Technology. He is a member 
of American Chemical Society, American 
Association for the Advancement of Sci- 
tence and Sigma Xi. 


' Dr. Charles D. Bradley, president of 
* Bradley Semiconductor Corporation, 
‘manufacturer of rectifiers and other elec- 
tronic components, 275 Welton Street, 
New Haven, Connecticut, has announced 
the appointment of William J. Gagnon 
‘as vice president. Mr. Gagnon has been 
general sales manager of the firm since 
‘he joined it in 1954. He is a member of 
the Institute of Radio Engineers, served 
as chairman of the instrument rectifiers 
committee of the American Institute of 
‘Electrical Engineers, and belongs to the 
‘New Haven Chamber of Commerce 
| Speakers Guild. 


Appointment of Maurice Friedman as 


_Vice President and General Manager of 
, the General Instrument Semiconductor 


Division, with plant and headquarters at 


Newark, N. J., is announced by General 
Instrument Corporation Board Chairman 
'Martin H. Benedek. Mr. Friedman, a 


'specialist in semiconductor design and 
engineering, has headed the division 


since its formation in 1955. A graduate of 
New York University, he is a member 


of the American Chemical Society and 
the Electrochemical Society. 


Carl L. Smith has been appointed Plant 


| Manager of the Boone, North Carolina 
plant of International Resistance Com- 
pany, electronic component manufac- 


turer. Announcement was made by F. P. 


_ Rice, IRC Director of Operations. In this 
, capacity Mr. Smith is responsible for the 


manufacture of rectifiers and semicon- 


ductor diodes, power resistors, and 
. special-application fuse resistors. 


Dr. F. Kenneth Brasted, former Presi- 


dent of the University of Dallas, has 


- joined Texas Instruments Incorporated as 
| Administrative Director of the Central 


7 
| 


Research Laboratory. He reports directly 


'to Dr. Gordon K. Teal, Assistant Vice 


} 


President in charge of the Central Re- 
search Laboratory. His responsibilities 
will include budgeting and control, engi- 


-meering services, technical information 
services, and other administrative func- 


tions of TI’s central research organiza- 
tion. He succeeds William Love who has 
transferred to TI’s Central Staff Per- 
sonnel division for special assignment. 


wt 


miniaturization in 
a nutshell by 


DISTRIBUTED BY 


Avnet 


LOW POWER ZENER DIODES 


VOLTAGE REGULATING DIODES 
(.0005 % Reference Element) 


TANTALUM CAPACITORS 
(Dry Solid) 


MEDIUM POWER ZENER DIODES 
DOUBLE ANODE ZENER DIODES 
HIGH POWER ZENER DIODES 
70 STATE STREET LOW POWER RECTIFIERS 
WESTBURY, L.I., N.Y. HIGH VOLTAGE RECTIFIERS 
ED 3-5800 MEDIUM POWER RECTIFIERS 
twx WESTBURY N.Y. 2617 HIGH POWER RECTIFIERS 
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Getting 
down to the 


brass tacks 
of 
INDUCTION 


heating, 


*THER-MONIC GENERATOR “C’ SERIES 


INDUCTION 


| THER-MONIC is the only induction heater 


that protects your investment! : 
_.. because it can be readily upgraded to higher output 
capacities to meet increased production requirements. 
_.. and can also be readily coupled to an identical 


unit to double the output. 


maximum efficiency. 


THER-MONIC is the 
... providing for 600 


repetitive production results. 


two sides of the cabinet. 


THER-MONIC is th 
- Whose frequenc 


to heat with con 


These and 20 other 


THER-MONIC 


engineering achievements tell you here is the 
most generator* for your money. 
Why not nail down all the facts? ... Write for literature. 


THER-MONIC is the only induction heater 
... with a totally enclosed air-conditioned 
cabinet and a built-in heat exchanger that insures 


THER-MONIC is the only induction heater 
_.. with a variable-ratio output transformer, 
permitting the use of the widest range of work coils. 


only induction heater 
0 KVA in tank circuit for 


efficient heating of non-magnetic metals. 


THER-MONIC is the only induction heater 
... With filament voltage regulation of 
1%, assuring long tube life and precise 


THER-MONIC is the only induction heater 
... providing complete access for maintenance from 


e only induction heater 


i y can be in 
by minor modifications, for the joke to 5,000,000 cycles 


ventional frequencies, 


THER-MONIC is the only induction heater 
... with electrical and mechanical interlocks for 
maximum safety to equipment and personnel. 


HEATING CORPORATION 


that are difficult 


181 WYTHE AVENUE, BROOKLYN 11, N.Y. 


Producers of the most complete line of Induction and Dielectric Heating Equipment 


ELECTRONIC e 
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MOTOR GENERATOR’ e 


60-180 CYCLE 


Robert A. Jewett has joined 
Semimetals, Inc., Richmond Hill, 
Long Island, as vice president of 
marketing, it is announced by 
Morton D. Brozinsky, company 
president. In his new post, Mr. 
Jewett will coordinate and di- 
rect the sales and marketing of 
semiconductor materials. Mr. 
Jewett. who is well known in 
the industry, was previously 
sales manager with the Chemi- 
cal and Metallurgical Division 
of Sylvania Electric. Prior to his 
transfer to that division in 1952, 
he worked in Sylvania’s Engi- 
neering Laboratories in New 
York. He received his educa- 
tion at the Polytechnic Institute 
of Brooklyn, 


60 


G. Edward Pavlik has been 
named to the product planning 
staff of Motorola, Inc., Semicon- 
ductor Products Division, ac- 
cording to an announcement 
from T. D. Hinkleman, Manager 
of Product Planning. In his new 
position, Mr. Pavlik will be 
product planner for the Mo- 
torola) Mesa and Motorola 
Switching transistor product 
lines. He was a standards engi- 
neer on transistors with the 
Radio Corporation of America 
prior to joining Motorola Semi- 
conductors. Mr. Pavlik received 
a BS. Degree in Engineering 
Physics from the University of 
Michigan in 1956. 


The promotion of Francis X. 
Urrico as section head in charge 
of the electronic equipment de- 
velopment department of the 
Semiconductor Division of Syl- 
vania Electric Products Inc., has 
been announced by Theodore R. 
Bunnell, division manufacturing 
services manager. Mr. Urrico 
has been a senior engineer in 
the department since 1957. He 
joined Sylvania as an electronic 
design engineer at division 
headquarters in Woburn, Mass., 
in 1956. Prior to that Mr. Urrico 
was with the Naval Research 
Laboratory in Washington, D. C., 
and with the U. S. Army, at the 
Electronic Proving Ground in 
Ft. Huachuca, Arizona. 
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Dr. Michael Waldner, a physi; 
cist experienced in semincon-) 
ductor electronics, has joinec 
the device research departmeniy 
of Hughes Aircraft Company’: 
Products Group as a member ol) 
the technical staff, it was an-)) 
nounced recently. Dr. Waldner: 
formerly with General Electric 
Co., is a bachelor of science 
graduate of Washington Uni-i 
versity and received his master’s} 
and doctor’s degrees from Cor-j 
nell University. 


Appointment of Edward (©* 
Johnson as Manager, Advancect 
Development, RCA Semicor~ 
ductor and Materials Divisions 
was announced by D. H. Wam= 
sley, Manager Semiconductex 
Engineering. Mr. Johnson wi 
take over the position pre 
viously held by Dr. W. Mi 
Webster who has been name 
Administrative Engineer on thi 
staff of the Vice President of 
RCA Laboratories at Princetonr 
N. J. Mr. Johnson is a membe 
of Sigma Xi, Eta Kappa Nu, and 
the American Physical Society.) 
and a senior member of the In- 
stitute of Radio Engineers. 


Robert A. Irvin has _ beer 
named to the newly created 
post of manager, headquarters 
sales operations for Raytheon 
Company’s Semiconductor Divi-i 
sion. Mr. Irvin comes. from 
Texas Instruments where he 
was chief sales engineer for tha! 
components division and more 
recently product marketing 
manager for germanium prod~ 
ucts. In his new post, he will 
assist and advise the Semicon- 
ductor Division sales manager. 
forecast sales, supervise the 
preparation of quotations, direct: 
order processing and perfo 
related home office sales activi- 
ties. 


Promotion of three engineers 
to senior scientists at ITT Labo- 
ratories, Nutley, N. J., has beem# 
announced. Named were Richarai! 
E. Gray, former senior project 
engineer of the Radio Commu- 
nication Laboratory, and Henry 
F. Herbig and Malcolm C. Vos=' 
burgh. former executive engi- 
neers of the Wire Communica 
tion and the Avionic Systems 
laboratories, respectively. Their 
responsibilities will be the de-- 
velopment and application of: 
new scientific theories and laws.# 


George C. Messenger, expert? 
in semiconductor device design, 
has joined Hughes Aircraft’ 
Company’s Products Group as 
head of the device electronics? 
department, it was announced! 
by L. James Levisee, manager! 
of the company’s semiconductor’ 
division. Mr. Messenger, for-~ 
merly of Philco Corp., is authori 
of many technical papers on 
solid state device research. Het 
received a bachelor of science} 
degree in physics from Worces-} 
ter Polytechnic Institute and a 
master’s degree in electrical en-} 
gineering from the University of 
Pennsylvania. He is a senior 
member of the Institute of Radio 
Engineers and a member of the} 
American Physical Society. 


; 


. Coating Process 


’ The partial coating of metals used as 

ase tabs in the manufacture of transis- 
sors has been achieved by Alpha Metals, 
inc. As a result, base metals can be coated 
en one side, along either edge, in the 
enter only or overall. Typical metals and 
alloys that can be coated are tin, tin- 
4ntimony, tin-gallium, lead, lead-anti- 
mony, tin-lead-gold, tin-lead, silver, 
endium, indium-gallium. Among the ma- 

rials which can be coated with these 
bolder alloys are copper, nickel, kovar, 
-codar, therlo and other iron-nickel alloys. 
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1 
‘All Purpose Diode 


General Instrument 1N658 silicon diode 
ffers uniform excellence in all parame- 
ters. The high conductance and fast re- 
ey characteristics of this device, in 
conjunction with high breakdown voltage 
and extremely low reverse leakage make 
it ideally suited for a wide range of com- 
puter applications, as well as both gen- 
eral circuit and moderate power usage. 
Circle 165 on Reader Service Card 


Switching Transistors 


First public announcement will be 
made by Pacific Semiconductors, Inc. of 
a new line of high speed silicon switching 
transistors. In addition working demon- 
strations of the newly extended line of 
VHF Silicon Power transistors will be a 
feature of their exhibit at Booth 2801-2. 
Of particular engineering interest will be 
a developmental 30 megacycle silicon 
power transistor capable of delivering five 
watts. To dramatize its recent advances 
in micro-miniaturization, the company 
will also display circuitry revolving 
around the application of PSI Micro 
Diodes. 


Circle 152 on Reader Service Card 
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Automatic Tester and Classifier 


Panels on a recently announced high- 
speed machine which electronically tests 
and classifies semiconductor devices, such 
as transistors and diodes, developed by 
Sylvania Electric Products Inc., will high- 
light the company’s WESCON exhibit. 
This Digital Automatic Tester and Classi- 
fier performs 16 separate tests and clas- 
sifies semiconductors into as many as 16 
categories at the rate of 1,500 units per 
hour and with an accuracy within the 
limits of 0.3 per cent. Operation of this 
machine is in contrast to conventional 
procedures in which a device may be 
rejected for failing to meet one set of 
specifications and must then undergo ad- 
ditional and tedious testing to determine 
its conformance with other specifications. 
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Ultrasonic Equipment 
Narda SonBlaster Model G-10001 Gen- 
erator and NT-10004 Transducerized Tank. 
All stainless steel, designed for produc- 
tion line cleaning of printed circuit 
boards. Recirculation system has 2000 
watt heater and thermostat regulated heat 
exchanger for maintaining preset solvent 
temperatures; solenoid controlled valves. 
Versetron solution level control optional. 
Generator input, 208/230 volt, 50/60 cycle 
11.0 amps. Output is 1 kw average, 2 kw 
peak, 40 ke. Overall dimensions 57” long 
by 28” high by 11” wide. Booth 1102. 
Circle 153 on Reader Service Card 
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PREVIEW OF NEW PRODUCTS 


: 
_ 1959 WESCON SHOW 
| 


The items described in this section are those which the respective 
{ manufacturers will exhibit at the Cow Palace in San Francisco, August 18-21. 


Variable Power Supplies 


Nutron Mfg. Co., Handivolt Series DC/ 
AC Power Supplies. Features: High 
Power, Small Size, High efficiency at any 
voltage setting, Smooth stepless control, 
Low ripple DC output, Choke type filter, 
2% Accuracy meter, Rated for heavy duty, 
Long, Service-free life, Standard outlet 
for AC output. Applications: General Lab 
use, Production Testing setups, Variable 
Battery, Variable Transformer, Motor 
Speed Control, Relay Testing, Light con- 
trol, Transistor power source, Battery 
charging, Electroplating. Input: A Mod- 
els—115V, 50-400 Cycles, B Models—115V, 
50-60 Cycles. 
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Series 4 


Series A 


Controlled Rectifier 


A silicon controlled rectifier, a minia- 
ture control device combining some of 
the characteristics of the rectifier and the 
power transistor, has been announced by 
International Rectifier Corporation. Series 
X10RC 2 through X10RC 20 is rated for 
average currents up to 10 amperes and is 
available with peak inverse voltage rat- 
ings of 20, 30, 50, 70, 100, 150 and 200 volts. 
Leakage currents in both the forward and 
reverse directions are in the order of 12 
ma. Forward voltage drop in the conduct- 
ing state is approximately 1.5 volts at 25°C. 
Switching time is in the order of micro- 
seconds. All units are hermetically sealed, 
and have an over-all height of 1.625 
inches. 
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CATHODE 
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Silicon Rectifier Series 

Low thermal drop (less than 10°C junc- 
tion to base) and low junction tempera- 
ture rise (approximately 60°C) are built- 
in features in the Tarzian Y series rated 
at 250 amperes d.c. This combination 
minimizes “thermal-aging” problems and 
extends life expectancy. Either positive 
or negative base polarity is available. 
50 to 400 PIV. Ideally designed for use in 
welding, electroplating and electrolysis 
application, this series is also useful in 
any application that requires 1000 or more 
d.c. amperes. 
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Portable Oscilloscope 

The Tektronix Type 321 is a Transistor- 
ized Battery-Operated Portable Oscillo- 
scope with high-performance character- 
istics. It will operate up to 3 hours on 
ten high-current (Size D) flashlight cells, 
up to 6 hours on rechargeable cells. It 
will also operate on 11 to 35 vdc, and on 
110 to 125 v or 220 to 250 v, 50 to 800 
cycles. It weighs only 12 pounds without 
batteries and measures only 534” x 8%4” x 
16”. Booth 1801-1802. 
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Silicon References 


Transitron Electronic Corp., announces 
a new line of subminiature silicon voltage 
references, IN821-827 series, combining 
features of lower dynamic resistance and 
voltage stability exceeding that of a 
standard cell. Single-piece construction 


TADANAC sBranpb 


HIGH PURITY METALS 


for SEMICONDUCTOR and other uses 


ANTIMONY suitable for intermetallic com- 
pounds — with zine and _ tell- 
urium each less than 0.01 ppm. 
total impurity content of less 


BISMUTH 


than 1 ppm. 


CADMIUM ve Pua content of less 


INDIUM 


9143 
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no single impurity in excess of 0.1 
ppm also other grades with a wide 
range of preform shapes and sizes. 


than 1 ppm. 
SILVE than 1 ppm. 
1 ppm. 


than 2 ppm. 
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LEAD total impurity content of less 
total impurity content of less 
TIN no single impurity in excess of 


ZINC total impurity content of less 


high - 
INDIUM ANTIMONIDE f2hsst com 


INQUIRIES ARE INVITED regarding preforming 
these metals to your specification. bison 


THE CONSOLIDATED MINING AND SMELTING COMPANY OF CANADA LIMITED 
Metal Sales Division: 215 St. James Street W., Montreal 1, Quebec, Canada — Phone AVenue 8-3103 


of these devices affords ideal thermad 
connection between “zener” diode ani) 
the compensating stabistor, assuring thajy 
the junctions operate at the same tem 
perature, thereby eliminating warm-ugiy 
transients. Also available as symmetrica dy 
double anode types, they offer tempera 
ture coefficients as low as .001%/°C. Axia. 
lead design and hermetically sealed glass 


encapsulation insure a rugged unit 
capable of providing long-term reliability; 
under wide environmental extremes; 


Write for Bulletin TE 1352 F. 
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Multipower Transducer 


Instead of a _ nickel-alloy core sur— 
rounded by a coil (magnetostrictive) on’ 
polycrystalline material between two thin 
electrodes (piezoelectric), in the Acous-3 
tica Multipower Transducer solid metal 
sections are usel as integral operating, 
elements and the active transducer ma- 
terial is positioned near the center of they 
assembly. The metal elements are ma-i 
chined, dimensioned, and positioned sox 
that the overall unit has greater ampli-# 
tude of motion and heat-dissipating cap~# 
ability. This construction minimizes theé 
tendency of the ordinary piezoelectric: 


Write for our new bro- 
chure on TADANAC 
Brand High Purity | 
Metals. 


‘transducer to overheat at high power 
‘inputs, since the metal blocks conduct 
heat away from the crystal efficiently and 
rapidly. Elements require no cementing 
‘or other chemical bond. The use of 
‘cement and epoxy resins as integral me- 
chanical elements has been eliminated 
entirely. 
Circle 166 on Reader Service Card 


‘Switching Transistors 


, Fairchild announces the 2N706, an ex- 
tremely fast silicon switching transistor 
optimized for saturated logic circuits 
operating at low current levels. The out- 
standing feature of this device is that it 
can be operated in a saturated condition 
with virtually no sacrifice in speed. 
‘Double diffused mesa construction gives 
jtypical DCTL propagation delay of 5 
millimicroseconds per inverter. Circuit 
‘design is simplified because there is no 
need to use additional circuit components 
to keep it out of saturation. It can also 
be used in non-saturating circuits or as 
‘a linear amplifier. Typical maximum fre- 
‘quency of oscillation is 400 megacycles. 
Circle 158 on Reader Service Card 


‘Transistor Transformers 


Microtran Company announces the 
availability of a catalog series of ultra- 
Pmuniature, epoxy-molded, plug-in, printed 
‘circuit, transformers. Size is only 1%” dia. 
x ¥,” high; weight 4 grams. Electrical 
tings are suitable for transistor servo 
and audio applications. Designed to meet 
'MIL-T-27A Grade 5, Class R, 10,000hr. 
‘reliable life. Available on special order 
for 125°C. operation. Tinned buss leads 
permit dip solder printed circuit mount- 
ing. 
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industrial heat 


A large semi-conductor manufacturer 
<q gets high quality, mass production with 
these two silicon cell diffusion furnaces. 
Heating chambers have two-inch inside 
diameter and are 20 inches long. 


A special Hevi-Duty tube furnace 
has proved successful in the produc- 
tion of Mesa Transistors. It offers 
six separate temperature zones, 
three in the preheat and three in 
the high-heat chamber. 


A Hevi-Duty furnace assembly de- 
signed for the alloying of transistors. 
It has a preheat furnace, which 
operates to 2200° F. and a high-heat 
furnace to operate to 2600° F. It is 
shipped as a complete unit with an 
automatic saturable reactor temper- 
ature control system built into the 
base. 


Through These Furnaces Pass The Finest 
Transistors and Semi-Conductors Made 


Precise temperature selection and control . . . excellent uniformity . 
multiple-zone heating — these factors account for the consistently high 
quality of transistors and semi-conductors processed in Hevi-Duty furnaces. 


Standard units are available with maximum temperature ranges of 1850°F., 
2200° F. and 2600° F. There is also a wide choice of styles — each designed to 
give you lab-accurate results on a mass production basis. All furnaces are 
noted for durability and long element life. 


Write for Bulletin 459 or send us your particular requirements. 

® Industrial Furnaces and Ovens 
electric and fuel 

® Laboratory Furnaces 

® Dry Type Transformers 


® Constant Current Regulators 
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Lightweight Diodes 

U. S. Semcor announces small high 
power, lightweight diodes which include a 
25-watt zener diode. The new line com- 
prises single diffused silicon junction zen- 
ers with voltages ranging from 7 to 100 
volts and rectifiers with PIV’s from 50 to 
600 volts. These diodes are built with 
matched coefficients of expansion which 
prohibit separation of internal lead wire 
and silicon wafer, even under extreme 
thermal shock. They are not position- 
sensitive and are highly resistant to 
vibration. These hermetically sealed 
diodes have plated copper heat sink and 
provide excellent thermal conduction. 
Also available is an aluminum heat sink 
with weight of only 9-1/2 grams, 1/5th 
the usual weight; height 1.625”. 
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Mesa Transistor Line 

Motorola Semiconductors will feature 
its complete line of UHF Mesa transistors 
in Booth 3615-17. Motorola currently has 
the 2N695 ultra-high speed (less than 5 
mu second) switching Mesa, the 2N700 
UHF amplifier Mesa, and the 2N701 wide 
band video amplifier Mesa in volume 
production. The elements which are used 
in their fabrication have been carefully 
selected so that each and every Motorola 
Mesa can be baked out under high vac- 
uum at 300°C before being hermetically 
sealed. 
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Switching Transistor Series 


Bendix new series of nine power tran- 
sistors especially designed for use in: 


Variable Trimmers 


JFD Electronics Corp., announces the 
development of a new variable trimmer, 
the MAX-C, to be shown for the first 
time at Booth 202. The outstanding ad- 
vantage of the new series is its ex- 
tremely wide range of capacity per unit; 
approximately three times more than pre- 
vious similar sized trimmers. A typical 
capacitor 1” long x % DIA will have 
60 Pf. range. Each model will be made 
available in panel mount for standard 
chassis circuitry, lead and lug, and 4-wire 
mounting types for printed circuit board 
applications. 
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SEMICONDUCTOR ENGINEERS 


JOIN OUR FIVE MILLION DOLLAR EXPANSION PROGRAM 


If you have experience as: 


PRODUCTION MANAGER ENGINEERING MANAGE 
DIODE ENGINEERS APPLICATIONS ENGINEERS PILOT LINE ENGINEERS 
TRANSISTOR ENGINEERS DEVICE DEVELOPMENT ENGINEERS  PHYSICISTS 
PRODUCTION ENGINEERS RECEIVING TUBE DEVELOPMENT ENGINEERS 
RESEARCH AND DEVELOPMENT ENGINEERS 


You are invited to become part of CBS Electronics new expansion program 
CBS Electronics, with research, development, and semiconductor manufacturin 
facilities in Lowell, Massachusetts . . . situated along the scenic North Site 
- now offers ground floor opportunities to qualified personnel. At CBS 
Electronics, you become associated with some of the finest scientific minds i 
the fields of solid state semiconductors. ee 


1959 college graduates in the fields of electronics, chemical 
and mechanical engineering are also invited to apply. 


Call collect or write Mr. Robert D. Harding 
Personnel Supervisor and send resume . : 


ELECTRON TUBES 
CBS ELECTRONICS 
CBS) 900 Chelmsford Street 
Lowell, Massachusetts 
semiconpuctors GLenview 4-0446 


(CBS Electronics — A Division of Columbia Broadcasting System Inc.) 
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Industry News 


MThe Following September 1959 IRE and Jointly Sponsored 
Meetings Are Scheduled: 


vSept17-18 Engineering Writing & Speech Symposium, 


Sheraton-Plaza Hotel, Boston, & Ambassador 


Hotel, Los Angeles. For Information: J. M. 
Cryden, Litton Industries, 336 N. Foothill 
Rd., Beverly Hills, Calif. Alexander M. 
Cross, Raytheon Co., Wayland, Mass. 


Sept 23-25 


* 
- 


Special Technical Conference on Non- 
Linear Mag. & Mag. Amplifiers, Shoreham 
Hotel, Washington, D. C. For Information: 
F. G. Timmel, Westinghouse, Box 746, Balti- 
} more, Md. 


' 


z= 25-26 9th Annual Broadcast Symposium, Willard 
| Hotel, Washington, D. C. For Information: 
; George E. Hagerty, Westinghouse, 122 E. 


42nd Street, New York City. 


Natl Symposium on Space Elec. & Tele- 
metry, Civic Auditorium & Whitcomb Hotel, 
San Francisco, Cal. For Information: George 
Larse, Missile Systems Div., Lockheed Air- 
craft Co., Sunnyvale, Calif. 


Sept 28-30 


* Award of $150,000 contract to Texas Instruments In- 
‘corporated for study of a major semiconductor substrate 
rdevice, the TI-developed ultraminiaturized semiconductor 
)solid circuit, has been announced by the Air Research and 
*Development Command. The semiconductor solid circuitry 
ideveloped by Texas Instruments and publicly announced 
‘last March involves the creation of complete match-head- 
‘size working circuits within tiny single pieces of semi- 
teonductor material. 


} Columbus Electronics Corp., of Yonkers, N.Y. has an- 
‘nounced installation of a new, internally developed auto- 
‘mation process for its semiconductor division which is 
isaid to quadruple capacity for the firm’s daily production 
of double diffused silicon rectifiers. Mr. Manlio Goetz], 
‘president of Columbus, stated that the new automation 
‘machinery, equipment and procedure were developed 
jentirely by staff engineers at the plant. 


A new plant, devoted exclusively to Ultrasonics was 
Popened on June 23rd, in Plainview, Long Island, New 
‘York, by Acoustica Associates, Inc., a leading manu- 
facturer of ultrasonic systems for industry, national de- 
'fense, hospitals, and the home. 


— Construction of a new manufacturing plant of Rheem 
‘Semiconductor Corporation, a subsidiary of Rheem Manu- 
facturing Company, was begun on June 12. February 1, 
1960 is the scheduled completion date. 


A new three-story, 129,000 square foot addition to 
Motorola Semiconductor’s plant in Phoenix, Arizona was 
formally opened Saturday, June 27. The new addition 
provides more than five times the production facilities for 
the Motorola Mesa transistor and allows room for a three 
fold expansion of all other current Motorola product lines. 
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Received Se 
EXACTLY 


\ 


shipped! 


© AIDS LUBRICATION 


e UNIQUE 
STABILIZATION 


© ALLOYS READILY 
QUALITY 


at the Indium Cor- 
poration of America 
means purify of 
metals, and strict 
adherence to speci- 
fications. 


SERVICE 


means prompt deliv- 

ery to customers, and 
technical help in spe- 
cific uses of Indium. 


RESEARCH 


means “forward _ 
looking” with respect 
to new products and 
new techniques. 


INDIVGA 


. and shipped exactly as specified 
—that’s our pledge to you. For 
instance, Indium Corporation spheres 
and pellets are carefully placed in 
containers, then sealed into a trans- 
parent, plastic, tamper-proof wrapper. 
Inside each wrapper, is a printed 
tag reading “IF THIS PACKAGE HAS 
BEEN OPENED IN TRANSIT, WE DO 
NOT GUARANTEE THE PRODUCT.” 


We make sure that what you receive 
is exactly what you ordered — and 
you can be sure, too. 


Through years of research and 
experimentation, we have pioneered 
and developed the techniques of 
producing INDIUM in quantities for 
use by industry. Our experience and 
technical helps are at your service. 


WRITE TODAY to Dept. S-859 
for new Indium bulletin: 
“INDALLOY” Intermediate Solders. 


THE 


INDIUM 


CORPORATION OF AMERICA 
1676 Lincoln Avenue @ Utica, New York 
Since 1934 ... Pioneers in the Develop- 


ment and Applications of Indium for 
Industry. 
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21-01 43rd Ave., Long Island City 1, N. Y. 


66 


why you can't 
see this 
equipment 


at the Wescon 
show What a dynamic dem- 
onstration ALLOYS UNLIMITED’s pro- 
duction facilities would have made at the 
Western Conference. ... Imagine exotic 
metals 5 nines pure made into p and n type 
preforms for silicon and germanium de- 
vices! Rolling, drawing, punching, spher- 
izing...all are done under surgically clean 
conditions. Zone refining, vapor degreas- 
ing, electrolytic refining, vacuum melting, 
scientific packaging, and more, are part of 
the process. Individual rolling mills, iso- 
lated and exclusively used for a particular 
alloy, would have appealed to those who 
value purity. Why can’t you see all this at 
the show? Ever since ALLOYS UNLIM- 
ITED introduced its hyper-pure products, 
they have been in acute demand. Every 
man and machine at ALLOYS’ plant has 
been busy meeting a growing 
backlog of orders. You can’t 
see ALLOYS UNLIMITED’s 
facilities at the show. But, you 
can get all the facts. Write for 
technical bulletin AU-859 ae UNLINED 
today. 2 


: & 
oy attoys 
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Sylvania Electric Products Inc. has moved its executivi 
offices and several of its corporate staff departments fron 
1740 Broadway to the new General Telephone Building a 
730 Third Avenue, New York City. 


P. R. Mallory & Co. Inc. has announced that Mallory 
Capacitor Company facilities for the production of solic 
tantalum capacitors have been moved to new Indianapolil! 
quarters and that output has been doubled. Controllee 
environment in the new manufacturing area is designed ts 
contribute to high reliability of the capacitors. 


Start-up of a new plant at Owensboro, Kentucky td 
manufacture polyvinyl acetate polymers and copolymers 
butadiene styrene synthetic rubber latices, and battery 
separators was announced by George W. Blackwood¢ 
President, Dewey and Almy Chemical Division, W. 
Grace & Co., Cambridge, Massachusetts. 


Eastern regional offices of the Semiconductor Divisiora 
Hoffman Electronics Corporation, have been moved fro 
Washington, D. C., to the Walter Reed Building, 710 Mat-t 
tison Ave., Asbury Park, N. J. 


A new $3,500,000 facility for transistor production is be 
ing rushed to completion by the Lansdale Tube Company. 
division of Phileo Corporation to meet industry demana 
for silicon transistors. The 65,000 square foot facility is < 
separate one-story brick building located behind presen 
Lansdale Tube Company buildings on Church Road ir. 
Lansdale, Pa. Construction began in April 1959 and is 
expected to be completed by early September of this year 


Dean D. Knapic, President of Knapic Electro-Physicss 
Inc., announced the opening of a new western sales officer 
The new office will be under the direction of Michael G? 
Kaufman and will be located at 204 South Beverly Drive: 
Beverly Hills, California, telephone: Crestview 6-7175%) 


Zenith Optical Laboratories takes pleasure in announc-: 
ing the opening of its’ subsidiary Ultrasonic Machining Co.: 
which was organized for the sole purpose of ultrasonic 
machining of extremely hard, brittle materials such as 
ferrites, silicon, ceramics, germanium, carbides, crystals: 
glass or quartz. This operation was formerly handled aif 
the parent company in Copiague, N. Y., but is now locateat 
at 1015 Asbury Ave., Asbury Park, New J ersey. 


Plans to construct a transistor plant which will even- 
tually employ more than 2,000 persons and bring to the 
area an annual payroll of $7 to $8 million were announcec 
by Charles F. Adams, president of Raytheon Company: 
Construction for the new plant will start early this fall] 
and will be completed by mid-1960. 


(73 ” s : s | 
damaged” surfaces. Dices are supplied in round, square: 
or rectangular shapes. 


The formation, on June 16, 1959, of Bert Barron Co.,, 
offices at 15166 Ventura Blvd., Sherman Oaks, California,)| 
State 4-7800, has been announced. This new Electronict! 
Sales Engineering Company will represent key electronici 


component, equipment and system manufacturers tot} 
Southern California accounts. | 
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Wescon Preview 
‘(from page 64) 


—— 


power switching and power control cir- 
cuits, such as DC-DC converters and 
regulated power supplies. Provided in 
three current gain ranges for optimum 
matching: 50-100, 75-150, and 100-200 at 
‘a collector current of 3 Adc. JEDEC- 
designated 2N1136,A,B; 2N1137,A,B; and 
IN1138,A,B; they also feature extremely 
flat beta curve. Have 5 amp maximum 
‘current rating and can switch power up 
‘to 400 watts. Collector-emitter breakdown 
‘voltage ratings of 40, 70, and 80 eliminate 
‘burnout in high voltage applications. 
‘Booth 2708-2710. 
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High Voltage Transistor 


i Raytheon 2N1275 is a medium gain, 
‘PNP, silicon fusion alloy transistor. It is 
‘primarily intended for use in high tem- 
perature, high voltage, audio, switching, 
and de amplifier circuits. The 2N1275 fea- 
tures low saturation voltage, close param- 
‘eter control throughout the rated tem- 
perature range and good current gain at 
collector current levels up to 50 milli- 
amperes. Reliable hermetic sealing is as- 
sured by use of a welded package. 
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High Voltage Rectifiers 

A complete line of high voltage tiny 
silicon rectifiers in a reliable, subminia- 
‘ turized package will be exhibited for the 
Pfirst time by Hughes. Available in a 
m complete line, with 50 to 1000 volt ratings 
at 50 to 200 mA, these silicon rectifiers 
Bare ideally suited for design problems 
which combine high voltage with small 
size. 
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} Glass Coating 
High-purity low-melting glass for coat- 


) ing electronic devices. Available from 
4 Baker & Adamson, General Chemical 
¥ Div., Allied Chemical Corp. Ideal coating 
( for protecting germanium and _ silicon 
} transistors and diodes from atmospheric 
oxidation, contamination and humidity. 
Coating may be accomplished by dipping 
F devices in a fluid bath of the glass, with- 
i) drawing and cooling; or through the use 
|, of a preform (compressed powder). 

. Booth No. 1123. 
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IMPORTANT TOOLS 
FOR HIGH VACUUM 
PRODUCTION- 


° , 
eH exibility 


R-2H 
HIGH VACUUM 
EVAPORATOR 


A Superior unit for 
highly specialize 
cal filming and 
tigations. The ¢ 
ase plate is re 
drical stainles 


performin 

d work in srt 
research inves- 
Onventional flat 
ener by acylin- 
S stee 

permitting introduction eee 
ae and varied feed-throughs 

such as: precise optical measur. 
ing equipment. This is an ad 

vanced design evaporator with 


Ask for Bulletin 4100.1D / 


See our exhibit 
of above equipment 
Booth 1226 
WESCON SHOW 
Aug. 18-21 
San Francisco 


WRITE FOR NEW 
LITERATURE ON 


KINNEY PUMPS 
ANDEQUIPMENT 
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1KINWNEY mes. oiviston 

: THE NEW YORK AIR BRAKE COMPANY Q) 
H 3524H WASHINGTON STREET ¢« BOSTON 30 + MASS. 

I Please send me [] Catalog on Kinney Pumps 


I 
1 (Evaporator Bulletin 4100.1D 


J Name 


t 
J Company 


(J Pumping System Bulletin 4000.1 


{ Address. £ 
f 
I City 
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PLATING of electronic components 


‘Tight Conformity to Specifications 


Diodes...Transistors... Rectifiers... Capacitors 

Our Electronic Plating Thickness Tester measures plating within most rigid 
specifications. This includes precious metal plating for bomb heads, printed 
circuits, precision instrument parts, hermetic seals, fuses, relays, rotor arms, 
slip rings, locking clips, contact points, terminals, transistors, diodes, recti- 
fiers and capacitors. 
In addition to a constant thickness check of all specification plating, the 
technicians of our Research and Development Unit maintain a continuous 
check on the purity of solutions. 
30,000 Sq. Ft. devoted to Electronic Plating and Research. Send for our elec- 
tronic plating brochure...or have our representative call. 

i GOLD + SILVER *+ RHODIUM « PLATINUM * PALLADIUM * NICKEL 


‘SOS Specialists in Metal Plating since 1936. 


SPECTRONIC PLATING CO., INC. 


A Division of Spectranome Plating Co., Inc. 
330 W. 13th STREET - NEW YORK 14, N.Y... AL 5-8677 
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FommMaximumixeliabiliby 2° 2% Sse) ¢ 8) 90.079 1e 50:6 one 
: 

° ° 

KEEP ° 

4 e 

TRANSISTORS : ° 
‘ ° 

CoOL sf: PE DAs Carts 

Keep transistors ator  . | FOR MOST JETEC 30 TRANSISTORS = 


Relaeeme tn (Jetec Outline TO-9) 


operating temperatures 
with these new 


Birtcher Transistor with N EW 


Radiators. Provides the 
transistor with its Bl 

own heat sink and a Bs 1S 5, E BE 

greatly increased 


radiating surface. Easy T RA nl S i STO R 
to install in new or : 
Sees RADIATORS 
hundreds of popularly 
used transistors. 


FOR CATALOG 
and 
test data 


THE BIRTCHER CORPORATION 


sn) industrial division 
4371 Valley Blvd. Los Angeles 82, California 


Sales engineering representatives in principal cities 
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A new, up-to-date, 42-page manua 
“Ultrasonic Liquid Level Switches,” ha; 
been published and made available hz 
Acoustica Associates, Inc., a _ leading 
manufacturer of ultrasonic systems. The 
manual, illustrated with drawings ang 
diagrams, provides complete informatio 
on the Acoustica ultrasonic switche: 
which are now being used in a wide va+ 
riety of liquid level monitoring and con- 
trol applications. A separate catalogu 
section lists available probes and contre 
units and provides detailed specifications 
for each type, with clear technical draw- 
ings. The manual is a completely re- 
vised, enlarged, and up-to-date editior 
of an earlier booklet on the subject. 

Circle 72 on Reader Service Card 


Catalog #30 lists more kinds of com- 
ponents, as well as an increased selection 
in the long-established varieties of items 
stocked by Ohmite Mfg. Company anc 
its distributors. Attractively illustratec 
and printed in two colors, this catalog isi 
liberal with data and dimensions to fa 
cilitate ordering. 
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New printing of a revised catalog orm 
Syntron “Selenium Slims” high voltages 
cartridge-type rectifiers is announced by 
Syntron Company. Illustrated, 8-page 
booklet contains complete descriptions. 
data and specifications for the company’= 
complete line of glass or phenolic tube 
cartridge rectifiers. Catalog also shows 
dimensional outlines and circuit dia- 
grams, and explains Syntron’s stack cod- 
ing. Four pages contain comprehensive 
operational characteristics for stack sizes 
of five diameters (from %-inch to %-in 
with from one to 400 cells per stack. Other’ 
charts give complete information pertain- 
ing to derating for raised ambients and! 
continuous direct current ratings. 
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Bulletin Z-100, describing a semicon-- 
ductor alloy kit, including 24 different: 
alloys with melting points in the ranges 
of 325 F to 1100 F, a total of over 25,0009 
preforms, for use by semiconductor re-- 
search and manufacturing engineers in” 
developing new devices or evaluating: 
new processes, is now available from> 
Accurate Specialties Co. The bulletin= 
lists the various alloys included in this: 
kit, such as Tin, lead, Indium, Aluminum, 
Kovar, Aluminum-Boron, Indium-Zinc- - 
Gallium, Tin-Antimony, Lead-silver, | 
Lead-antimony, Indium-germanium, ete. 
The alloys described are in the forms? 
of discs, washers, and spheres. | 
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A new Catalog TR-60, listing the com-| 
plete industrial transformer line has 
been published by Triad Transformer } 
Corporation, a division of Litton Indus- | 
tries. The book lists over 1000 items and 
contains several new lines, including 
micro-miniature transformers and trans- | 
formers for transistor applications. 
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A brochure describing products avail- 
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— able from, and containing detailed infor- RAMIC M1i20F-T 
SENIOR ENGINEERS mation about, its new plant in Owens- \ set 

: boro, Kentucky, is available from the Xe CERAMIC 
AND PHYSICISTS W. R. Grace & Co., Dewey and Almy 


Chemical Division. The brochure includes 
a summary of products to be manufac- 
tured, including vinyl acetate polymers 
and copolymers and butadiene styrene 
latices in the organic chemicals field, 
and resin-impregnated fiber battery sepa- 
rators for the automotive storage battery 
industry. 
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' SEMICONDUCTOR 
FOR SEMICONDUCTOR R&D 


ALLOYING JIGS 


Check these advantages: 


¢ Duramic M120F-T is 4X harder and den- 
ser than carbon offering longer too!-life 
and lower rejects. 


Expansion of advanced research and 
development activity at the 
Semiconductor Division of Hughes 
Products (Hughes Aircraft Co.) has 
created several openings for senior 
men capable of assuming the 
direction of important new programs. 
Openings include: 


¢ Duramic M120F-T has thermal expansion 

rate 1/5 that of stainless steel, and will 
The Electronic Research Associates, pa a Oe eaten ee 
Inc., announces the availability of a new 
issue of their four-page, two-color cata- 
log 114A, which describes their Magi- 
tran line of solid state regulated power 
supplies. These supplies combine the 
features of magnetic and transistor regu- 
lators. The catalog sheet provides infor- 
mation on several new intermediate | 
current units, as well as new specifica- 
tion data on high current models, and 
full descriptive material, graphs, specifi- 
cations, physical data and related in- 
formation. 
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e Duramic M120F-T resists “wetting” by 
molten semiconductor alloys. 


taminating impurities. 


Available as.... 


DEVICE DEVELOPMENT PHYSICIST— 
to work on new device programs 
with responsibility for fabrication 
processes, device theory and analysis 
or device testing and evaluation. He 
must have an M.S. or Ph.D. in Physics 
and several years experience in the 
development of semiconductor 
devices. 


Plate Jigs Unit Jigs 


Two-color data sheet gives detailed | 
techanical data on Arnold Magnetics 
Model 591J transistorized regulated power 
inverter. Unit is used to drive A.C. gyros | 


EXPERIMENTAL DEVICE STUDY and other A.C. devices from a battery | 
PHYSICIST —to do theoretical and/or source. The text describes a circuit | 
| 


e Ask for Bulletin 117 


e Send prints for quotation today! 


l 
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© Duramic M120F-T does not contain con- 
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: 
DURAMIC PRODUCTS, INC. | 
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experimental research on advanced which eliminates the tendency of A.C. 


3 : gyro spin motors to hunt when near | 
exploratory solids for the devices synchronous speed. Also described is a | 
ona long range study basis. He will short circuit and input over-voltage pro- | 

work on his own project or in . | tection feature. Three terminations are | ; ; 

. Sonjunction with other physicists eA listed as” standard—A/N Cannon con- Circle No. 31 on Reader Service Card 

} 5 : nector, wire-lead pigtail, and solder-lug 
basic device study, leading to the terminals. 


first model of a new device. Position Circle 79 on Reader Service Card 


requires an M.S. or Ph.D. in Physics ripple at full load is only 


and several years experience in the | Matthew Laboratories Constant Cur- 0 
experimental research on advanced rent and Constant Voltage Automatic Qo. 
semiconductor devices. | Switchboard Regulated Power Supplies 
' are described in Bulletin HVVC-95. with new 
| These supplies are available in a wide 

range of control configurations and power 
outputs into the KVA range. POWER & BIAS 

Circle 80 on Reader Service Card SUPPLY FOR TRANSISTORIZED 

EQUIPMENT +1020 


266 Mott Street, New York 12, N. Y. | 


Phone: WAlker 5-1644 


poor nnn nr 


Recently completed ultramodern 
facilities of the Semiconductor 
Division are located in 

Newport Beach, California— just 


south of Los Angeles. Here you | A new technical brochure just pub- , includes power transformer, full-wave silicon 
aaa : Age Rar ; achnitr i ri eS iode rectifier circuit, electrolytic capacitor 
will find choice suburban living in | lished by Technitrol Engineer ing Com ai r : 
Beta 4 Wostern saptealis e | pany illustrates and describes its stand- IETHOBLY bheaned tan bedhead raegonel 
€ hear , | ard line of low power pulse transformers traordinary ripple rejection * output voltage: 0-30 
| and electronic test instruments. The four- voc EE ten nae yon 2 by dual- 
i ee 4 ee aaa range voltmeter (0-6, 0- ¢ continuous 
If you meet the requirements | page brochure lists all physical and elec- output current capacity: 150 ma @ 0-12V; 200 
for the above positions, or if you | trical specifications on Types M, P and ma @ 12-24 V; 300 ma @ 24-30V « 0.5A fuse 
’ | T Series transformers and includes a list Set aie Ba ine’ sil circuit ¢ comparable in 
‘ -: | Teer Pe . a aN : purity of output and in voltage and current 
are a senior engineer or physicist of stock ig units along yin pr oe for Capacity to tranststorized supplies selling for 
with experience in the field of quantities ane tp a Also included several hundred dollars ¢ ideal for laboratory, 
F Ar | are some technical application notes on evelopment and service work on transistors and 
semiconductors, we invite your the use of the transformers as blocking ns pape rie: 
inquiry. Please contact: | oscillators or for interstage coupling for steel ceteter he : 
| both vacuum tube and transistor circuits. 4” w, 5¥2"d) | 
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Mr. C. L. M. Blocher 

Scientific Staff Representative 
HUGHES SEMICONDUCTOR DIV. 
500 Superior Avenue 
Newport Beach 4, California 


KIT $19.95 


Dialight Corp., offers an 8-page 2-color 
Brochure on Datalites—the Ultra-Minia- 
ture Indicator Lights made by Dialco for 
use in data-processing equipment, com- 


Add 5% in West. 


sy puters, and automation applications. Two Compare this 
- i 1 1 basic styles are discussed: (1) Datalites a ag i ag og 
Bon eho with built-in lamps which are not re- your neighborhood 
HUGHES PRODUCTS | placeable ... (2) Datalites with Dialco’s EICO distributor. 
qo rr rat own Lamp Cartridges which are replace- a agp Hac 
: SEMICONDUCTOR DIVISION able. Also described are Datalites with instruments, hi-fi and amateur gear, write to Dept. gata 
HUGHES AIRCRAFT COMPANY female receptacles _ AMP “53” Series ELECTRONIC INSTRUMENT CO., INC. 
Taper Pin Terminals. 33-00 Northern Blvd., Long Island City 1, N.Y. 


aoe ssc : is : Circle 71 on Reader Service Card | 
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This package can end 
your worries about 


silicon processing . . . 


Inside this box you’ll find doped silicon 
single crystal slices from Allegheny. 


Who needs them? You do... 


If you wish to increase production 
without tying up capital in facilities 
for slicing, lapping, etching and such. 

If you’d like to avoid being depend- 
ent on just one source of supply. 

You solve either (or both) of these 
problems with Allegheny’s new service 
because you get single crystal slices 
that are ready for use. 


These slices from vertically pulled 
or float zoned crystals are doped to 
range with 99.999% group III and/or 
V elements. Standard thicknesses from 
.005” to .020” and diameters from 4 
to 1% inches. € 


As for lapping, this we do to your 
specification. If you wish, we prepare 
one or both sides for diffusion. Other- 
wise slices are etched, cleaned and dried 
before being delivered to you. 


Details? We’ll provide answers to 
your questions, promptly. 


NOTE: You’ll find that Allegheny devotes its 
efforts exclusively to producing ultra-pure sil- 
icon in every form. You might also be inter- 
ested in more facts about bulk, billets, rods, 
doping alloys, seeds or special forms. 


If so, write, wire or phone: 
Allegheny Electronic Chemicals Co. 


207 Hooker-Fulton Bldg., Bradford, Pa. 
252 North Lemon St., Anaheim, Calif. 


es 
Producers of semiconducting materials for 
the electronics industry. 
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Lel, Inc., Catalog #95 provides 16 pages 
of information on LF., R.F., and TWT 
amplifiers for radar and missile use. In- 
formation is included on electrical char- 
acteristics, mechanical construction, and 
general application. Several new tran- 
sistorized units are described, including 
a hybrid strip combining tubes and tran- 
sistors for minimum noise figure and 
power consumption. 
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The 20-page, fully illustrated booklet 
Rhodium Electroplating Processes, of 
which 10,000 copies were distributed on 
request in less than a year, has been re- 
vised and reprinted by Sel-Rex Corpora- 
tion. The booklet tells when, where and 
how to use rhodium electroplate to im- 
prove product performance and reliability 
in electrical, electronic and other indus- 
trial applications. A wide range of 
rhodium’s decorative applications are 
also discussed and evaluated. 
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The new condensed catalog of semi- 
conductor devices—TE-1340A—provides 
a rapid reference source and features a 
listing of all basic silicon and germa- 
nium products from the Transitron line. 
Package photos of the various compo- 
nents accompany accurate data charts 
which supply information regarding the 
actual range of performance of each de- 
vice. A concise description of the compo- 
nent type—be it transistor or diode, 
capacitor or regulator—underlines the 
significant features as they relate to vari- 
ous aspects of individual application. 
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Ultrasoundings, a new quarterly illus- 
trated review of ultrasonic progress, has 
been launched by Acoustica Associates, 
Inc., manufacturers of ultrasonics sys- 
tems. The first issue includes several fea- 
ture articles describing ultrasonic clean- 
ing applications in industry and informs 
users how to get the most from this fast- 
growing industrial processing technique. 
In addition, the publication includes 
brief descriptions of recent new develop- 
ments by Acoustica. 
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A new four-page bulletin E-285, from 
CBS Electronics gives formulae for de- 
signing transformers for use in tran- 
sistorized power supplies. It offers a 
handy guide to selecting the proper tran- 
sistors, choosing operating frequencies, 
and determining the values of biasing 
resistors. The bulletin was written by 
Robert Tomer. 

Circle 64 on Reader Service Card 


Good-All Electric Manufacturing Com- 
pany has announced the publication of 
a new 46 page general Capacitor Catalog. 
It covers their entire line of Tubular, 
Ceramic Disc and Subminiature Electro- 
lytic Capacitors and is one of the most 
complete ever published. Engineers will 
find it of great technical value. 

Circle 65 on Reader Service Card 


The Electronic Chemicals Division of 
Merck & Co., Inc., has issued a Techni- 
cal Service bulletin describing Merck 
Thermoelectric Materials. Data. is given 
on Thermoelectric Effects, Thermoelec- 
tric Cooling, Bismuth Telluride, Ther- 
moelectric Power Generation and Lead 
Telluride. 
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Conrad, Inc., environmental test cham 
ber manufacturer, offers a_ series ¢| 
conversion charts and technical da 
covering altitude pressure and tempera) 
ture from —5000 feet altitude to 1,800,0(( 
feet altitude in accordance with ARD‘ 
model atmosphere. Also included is cer 
tigrade to fahrenheit conversion factom 
from absolute 0 to 1000 degrees and sew 
eral conversion factors for material 
heat, velocity, and vacuum. Two othe 
charts list dry bulb and temperatu 
differential for relative humidity. 
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A 32-page catalog describing the new 
Freas constant temperature cabinets i 
available from the Precision Scientiii 
Company. Fourteen types of cabinets in 
cluding ovens, incubators, sterilizers any 
special purpose models are listed in 
new catalog along with complete specifi 
cations, performance data and price im 
formation. Six pages are devoted to maxx) 
imum safety models. The catalog also ing 
cludes detailed descriptions of the new 
Freas features such as electronic contro 
advanced styling, and black heat heate; 
banks. Another section is designed t 
assist users in the proper selection of : 
constant temperature cabinet to mee 
any particular work requirements. Comif§ 
plete accessory information is also in 
cluded. 

Circle 68 on Reader Service Card 


TECHNICAL SALES 
SEMICONDUCTOR FIELD 


Large mideast firm working in rapidly ex- 
panding field of ultra high purity silicon 
requires technical salesman. Must be will- 
ing to travel. 


i 

1 

1 

! 

I 

I 

1 

I 

I 

I 

1 Degree in electronics, physics, chemistry, 
1! metallurgy, or engineering preferred. Age— 
1 25-35 years old. Previous experience in 
1 semiconductor or electronics field pre- 
I ferred. 

I 

i] 

! 

i] 

i] 

i] 

i] 

L 


Send complete resumé, including salary re- 
quirement, etc. to 


Box GS—Cowan Publishing Corp. 
—300 W. 43 St., N. Y. 36, N. Y. 


WANT / 
HIGH-SPEED | 
MEASUREMENTS 
0 
20 MILLIONTHS... 


CARSON-DICE 


ELECTRONIC 
MICROMETERS 


If you need to measure fragile 
or compressible parts to 
within .000020”, then 
CARSON-DICE Electronic 
Micrometers are for YOU! 


J. W. DICE CO. 


ENGLEWOOD, N. J. 
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1210 1211 
Epoxy Encapsulated Hermetically Sealed 


WIDE BAND 
RF TRANSFORMERS 


Antenna Matching 
Interstage Coupling 
Impedance Matching 
Voltage Step-Up 
Pulse Applications 


| 
BANDWIDTH 


1210A, 1211A 
h 1210B, 1211B 


/ IMPEDANCE 


200KC - 40 mc 
3 - 100 mc 


75 Q unbalanced — 600 2 balanced 


Special wideband transformers and 


advanced filters (audio—250 mc.) 
made to your specifications. 


NORTH HILLS 


ELECTRIC COMPANY. INC 
402 SAGAMORE AVE., MINEOLA, N.Y. Ploneer 7-0555 
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FOR HIGH RELIABILITY IN 


7 


APPLICATION 


Featuring EXTREME DEPENDABILITY 
UNDER CONDITIONS OF: 
© HI-VIBRATION © HI-TEMPERATURE 


e HI-ALTITUDE © HI-HUMIDITY 


MODEL 82 TRANSISTORIZED MISSILE 
IF AMPLIFIER feotures the ruggedness 
ond proven performance of the LEL IF64 
missile amplifier at 1/50th the power 
requirement. The standard model 82 
hos a 10 mc bandwidth at 60 me 
center frequency. Amplifiers embodying 
the features of the 82, but with elec- 
trical characteristics to meet your system 


requirements, can be supplied. 
t i ay i 384 OAK STREET 
COPIAGUE, L. |., N. Y. 
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Newly revised, 8-page power supply 
Bulletin 765C describes a complete line of 
power supplies for laboratory and con- 
trol use. Included are some interesting 
application diagrams and descriptions for 
using programmable power supplies in 
automatic test equipment. Physical and 
electrical characteristics are listed. Elec- 
tronic Measurements Co. 
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Specifications of most U. S. Semcor 
diodes have been compressed to fit on 
one folded sheet of paper for ready ref- 
erence, according to an announcement by 
J. C. Worth, Jr., sales vice president. 
This new “Short Form Catalog” contains 
the basic information wanted by engi- 
neers, together with IN numbers and 
brief descriptions of the various lines. 
The catalog lists temperature compen- 
sated voltage regulating diodes, alloyed 
junction low power zener diodes, diffused 
junction medium power zener diodes, 
alloyed junction low power rectifier di- 
odes, diffused junction medium power 
and commercial rectifier diodes, high 
voltage rectifiers, double anode diodes, 
solid tantalum capacitors, and tables of 
ordering information. 
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A new, four-page catalog, Form 1895, 
on silicon glass diodes is now available 
from Silicon Transistor Corp., manufac- 
turer of silicon diodes and power tran- 
sistors. The two-color spec sheet lists 
some of the firm’s high reliability gen- 
eral purpose and fast switching diodes 
and includes curves, charts and other 
pertinent data. 
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Trinity Equipment Corp., offers Bulle- 
tin DD-180 on their Heat-Les Dryer Dy- 
namic Dehumidifiers for Compressed 
Gases. Lists features of Wall Mounted 
Midget Dryers, Floor Mounted Dryers, 
advantages of Heat-Les Dryers and 
method of operation. Also lists data on 
Standard Heat-Les Dryers. 
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A data sheet on rare earth metals, con- 
taining a price list of twelve of them, has 
been prepared by the Research Chemi- 
cals Division of Nuclear Corporation of 
America and is now available. The prices 
are for delivery in ingot or lump form, 
and are based on actual weight shipped, 
for the following rare earth metals: 
Yttrium, lanthanum, cerium, praseodym- 
ium, neodymium, samarium, gadolin- 
ium, terbium, dysprosium, holmium, er- 
bium and ytterbium. Other types of data 
on these metals and, in addition, on scan- 
dium, europium, thulium and lutetium, 
are also included. 

Circle 84 on Reader Service Card 


A data sheet on RF Chokes with un- 
precedented subminiature characteristics 
is available from Essex Electronics. The 
new RF Chokes, called Wee-Ductors, are 
so small that 200,000 can be packed to a 
cubic foot. The data sheet contains a de- 
tailed description of the electrical param- 
eters for the complete line of Wee-Duc- 
tors. The sheet lists parameters for 50 
units. The Wee-Ductors are encapsulated, 
non-flammable, have low DC resistance 
and excellent shielding characteristics, 
the sheet states. 
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KIERULFF 


THE WEST'S 
LARGEST 
WHOLESALE 
DISTRIBUTORS 
OF INDUSTRIAL 
ELECTRONIC 


EQUIPMENT & 
SUPPLIES. 


RICHMOND 8-2444 


DISTRIBUTOR FOR 


ADVANCED 
SEMICONDUCTOR PRODUCTS 


PSI MICRO DIODES 

PSI HIGH Q VARICAPS 

PSI SILICON SUBMINIATURES 

PSI ZENER DIODES 

PSI FAST RECOVERY SILICON 
DIFFUSION COMPUTER 
DIODES 

PSI SILICON VERY HIGH 
VOLTAGE CARTRIDGE 
RECTIFIERS 


Pacific Semiconductors, Inc. 


KIERULFF 


ELECTRONICS INC. 
40TH YEAR 


820 W. OLYMPIC BLVD. 
LOS ANGELES 15, CALIF. 


Richmond 8-2444 
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: PRECISION WAFERING MACHINES 
* Models for all jobs requiring very thin Aeroprojects, Inc. . renee 2 veers 5 16 
5 slicing of semi-conductor and other diffi- Allegheny Electronic C ema q. 
: Model WMA C62. i iilidlecss Se 
@ cult-to-cut materials. wt 
° Fully automatic, produces Alloys Unlimited, Inc. 2.3. s.seeee a 
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e pattern allows immediate adjust- : °. 
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® PRACTICAL. Safe and simple to gineering Department is at 
- handle. Always ready for imme- your service in developing FICO & 69 | 
Sere ee eg Ue eP ONY ea ee yee Electronic Measurements Co., Inc. 
$ !wo square feet of table surface. to meet your particular re- Cover Ii [ 
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3 ECONOMICAL. low cost, self Electronic Specialty 
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1020 COMMERCE AVE., UNION, N.J. Hofiman Electronics i 
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Hughes Aircraft Co. 
Semiconductor Division 14, 15 & 69 | 


Indium Corp. of America, The ... 65 


Induction Heating Corp. ........ 60 
You can realize all your career potentialities... Kable Fusineering Co a 
Your INITIATIVE — Knapic Electro-Physics, Inc. .... 18 
CREATIVITY = TECHNICAL KNOWLEDGE - Le, Ineo Je a 
with SYLVANIA'S 
SEMICONDUCTOR DIVISION Micromech  Nanuiacturiag, Conall 


; ilgray .......... Covers IA & IIB 
in suburban Boston Milgray overs 


There are broad areas for you to make SEMICONDUCTOR DEVICE ENGINEERS 
personal contributions to Sylvania’s Experienced in D&D or production 
continuing technical leadership in engineering, transistors, silicon devices, 
semiconductors—and thereby materi-  ¢7ystal diodes or rectifiers. 

ally accelerate your professional ad- TEST ENGINEERS 

vancement. You will combine bold Coordinate electronic equipment projects — 
exploratory work for the military with including development subcontracting, 

vital developments for the stable and _ electrical design & procurement of parts for 
growing commercial market. Look into equipment for manufacture and testing of 
the immediate openings listed at transistors & diodes. Some travel involved. 


New York Air Brake Co., 
The Kinney Mfg. Div. ........ 67 
North Hills Electric Co., Inc. ... 71 


Raytheon Co., 
Semiconductor Division .... 2&4 


: Spectronic Plating Co., Inc. ..... 68 
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governmen inspection an customer return 
SEMICONDUCTOR DIVISION analysis & processing. BS/EE or Physics 5 
with heavy electronics background. Some Tektronix, Int. sr2.55 settee ee 7 
Da if | semiconductor, other electronic component Texas Instruments Incorporated 


testing experience and supervisory 


Cover II & 1 


Subsidiary of GENERAL 7 ;, ;. ; i 
EET CEHONS o iecriouics (a) eaperience desirable. Will consider less 
SysTOm experienced recent graduate with 
100 Sylvan Road — Woburn, Mass. good potential. 


U. S. Semiconductor Prods., Inc. 13 
United Carbon Prods. Co., Inc. .. 20 |] 
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B =e ee mee —, 
1.5K 3K 7.5K 22.5K 45K 90K 


1-W 1-W 1-W s1-W) so1-W 


it’s easy with a 


® Regatron Programmable Power Supply 


Shunt the programming terminals of a Regatron Programmable 
Power Supply with a resistor, and you’ve set the output voltage to 
1/1000 of the resistor’s value. Yet the resistor carries no load current, 
does not affect regulation or maximum output current capabilities. 
Several resistors and a multiple-position switch make a compact “bat- 
tery box” for the voltages you use most often ... it’s as simple as that. 

In addition, you'll find that Regatron Programmable Power Sup- 
plies have all the other advanced features you would expect in a versa- 
tile laboratory instrument; super-regulation, vernier as well as main 
voltage control, and more. Compare a Regatron Programmable Power 
Supply with any other d-c power source, batteries included. You'll find 
you won't settle for less. 

Regatron Programmable Power Supplies are available in voltage 
ranges covering 0-50 V dc, 0-100 V dc, 0-300 V dc, and 0-600 V dc. 
Current ratings are up to 3A, depending on model. Request Bulletins 
350 and 765. 


(Various models without the programming feature are also availa- 
ble in voltage ranges up to 1000 V and currents up to I ampere.) 


| woutation 


NO Bel 
105— tae" vac 
50—60 CPS ru ToaD 


2-212A! EQUIVALENT TO TWO MODEL 212A’s, OUTPUTS MAY BE USED IN SERIES, 
PARALLEL, OR INDEPENDENTLY. 


SEE 
THEM 
AT 
WESCON 


EET LCA LT MB 

[aria Jomoovee | o—soomaf on] eos] er | ons [1 

REGULATED D-C OUTPUT or heddy aes forsevec [oman [ror feos fer f oas f 

SV BV 7.5V 225V 45V 90V 323 TE ACA 
eae 


1. Modulation input provided for measurement of transistor parameters by small signal method. 


@® REGISTERED U.S. PATENT OFFICE. PATENTS ISSUED AND PENDING, 


ELECTRONIC 
NI 


EATONTOWN NEW JERSEY 
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miniature pulse 
transtormers 


more than 800 standard units available 


yp oe 


Sprague Miniature Pulse transformers give the circuit high as 10 megacycles... with pulse levels ranging 
designer the flexibility he needs to meet the varied from fractions of a volt to several hundred volts. 
requirements of low-power, high-speed computers. Typical circuits utilizing Sprague Pulse Transforms 
Sprague literature details more than 800 standard units ers include pulse amplifiers (for current or voltag« 
in a wide variety of mounting styles, shapes, and step-up, impedance matching, decoupling, pulse inver: 
encasements for conventional or printed wiring board sion and push-pull operation); pulse shaping and di 

assembly. Many special types can also be furnished to Serentiating; blocking oscillators (in regenerative circuits 


match specific circuit and packaging requirements. of the triggered and self-triggered type); general trant 
Sprague pulse transformers handle pulse widths of sistor circuits, 
20 millimicroseconds and wider...at repetition rates as 


For application assistance on your pulse transformer problems, 


write to Manager, Special Products Division, Sprague Electric ® 
Company, Union St., North Adams, Mass. A complete series of 
Engineering Bulletins covering Sprague’s standard pulse trans- 


formers is available from Technical Literature Section, Sprague 
Electric Company, 467 Marshall St, North Adams, Mass. THE MARK OF RELIABILITY 
SPRAGUE COMPONENTS: 


MAGNETIC COMPONENTS ¢ TRANSISTORS e RESISTORS e CAPACITORS e INTERFERENCE FILTERS e PULSE NETWORKS 


¢ HIGH TEMPERATURE MAGNET WIRE e CERAMIC-BASE PRINTED NETWORKS 


: e PACKAGED COMPONENT ASSEMBLIES 
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